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Chapter 1 
GENERAL INTRODUCTION 
This in t roduct ion wil l f i r s t give a short account of the role of the pars 
intermedia and the funct ion of one of its secretory p roduc ts , melanophore-
st imulat ing hormone (MSH), dur ing background adaptation in amphibians. 
This is followed by an account of the biosynthesis of MSH in the neurom-
termediate lobe, where it is one of the products der ived from a large precur -
sor molecule, pro-opiomelanocortin (POMC). Final ly, the aim and scope of th is 
thesis wi l l be ou t l ined , in t roducing the various aspects concerning regulation 
of pars intermedia funct ion that are the subject in th is thes is . 
Background adaptation: a neuroendocrine reflex 
Many amphibians possess the remarkable abi l i ty to change the color of the i r 
skin depending on the color of thei r background. This abi l i ty is based on the 
presence of pigment-containing cells (chromatophores) in the i r integument. 
Two types of color changes are known. 1) a morphological change, which is a 
slow process invo lv ing a change in the number of choromatophores and in the 
amount of pigment; 2) a physiological change, which involves a relat ively fast 
dispersion or aggregation of the black pigment melanin present wi th in 
p igment- f i l led granules (melanophores) in dermal melanophore cells In animals 
fu l l y adapted to whi te background, these granules are aggregated around the 
nuclei of the cells (melanophore index, Ml = 1, see f i g . 1) , whereas m animals 
adapted to a black background the melanosomes are dispersed throughout the 
cells (Ml=5) and consequently the skin takes on a dark coloration (reviewed 
by Waring 1963). Pigment dispersion in these dermal melanophores is induced 
by a pept ide hormone, a-melanophore-st imulatmg hormone (o-MSH), produced 
by and released from the pars intermedia of the p i tu i ta ry gland (reviewed by 
Bagnara and Hadley 1973) 
In the South Af r ican clawed toad, Xenopus laevis, the physiological p ro -
cess of background adaptation is an example of a neuroendocrine re f lex . 
Reception of the environmental signal (color of background) involves a d i f fe r -
ential st imulation of the ret ina. Neuronal information or ig inat ing from the eye 
is centra l ly processed and ult imately reaches the pars intermedia (Dawson and 
Ralph 1971). The hypothalamus plays a s igni f icant role in the coupling of the 
neuronal input to the secretion of MSH. Early experiments by Etkm (1962) 
showed that the hypothalamus exerts pr imar i ly an inh ib i to ry influence and a 
number of studies have been devoted to the ident i f icat ion of hypothalamic MSH 
re lease- inh ib i t ing f ac to r ( s ) . Many of these early studies concerned the possi-
ble involvement of an ammergic f ib re system innervat ing the pars intermedia 
of amphibians, and indeed catecholamines were found to be potent inh ib i tors 
of MSH secretion (reviewed by Terlou and van Oordt 1974; Hadley and Bag-
nara 1975, Hadley et al. 1977). From these studies evolved the classical view 
of regulat ion of the intermediate lobe melanotrope cel l , in which central mte-
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grat ion of neuronal input leads to act ivat ion or mact ivat ion of a 
catecholammergic system innervat ing the pars intermedia to inh ib i t MSH 
release It was already appreciated in the early seventies, however, that the 
regulation of secretion from the amphibian pars intermedia cells may be ve ry 
complex, invo lv ing not only catecholamines but also other classical neuro t ran-
smitters Moreover, some of these studies suggested that neuropeptides could 
also be involved in the regulation of secretion from the intermediate lobe 
(reviewed by Hadley et al. 1977, Tonon et al 1987) 
POMC, a multifunctional prohormone 
MSH is not only synthesized in the pars intermedia of the amphibians and 
other lower ver tebrate species but i t has also been ident i f ied as a product of 
the mammalian pars intermedia The proposal of Lowry and Scott (1975), 
based on s t ruc tu ra l in format ion, that the pept ide o-MSH could be formed by 
proteolyt ic cleavage of the N-termmal por t ion of adrenocort icotropic hormone 
(ACTH) led to a considerable interest in the the biosynthet ic process in the 
p i tu i ta ry These studies soon revealed that indeed a-MSH is der ived from 
ACTH and moreover that ACTH itself is synthesized th rough processing of a 
high molecular weight precursor protein that gives rise to not only ACTH and 
a-MSH but also to co r t i co t ropm- l i ke intermediate peptide (CLIP) and other 
bioactive peptides such as &-l ipotropin (ß -LPH) , ß-endorphm, ï and (5-MSH 
(reviewed by Eipper and Mams 1980, Herber t 1981) This precursor molecule 
was named pro-opiomelanocortm ( P O M O , a name ref lect ing the mul t ip l ic i ty of 
its potential func t ions . The complete amino acid sequence of POMC from sev-
eral mammalian species has been deduced from the s t ruc tu re of the i r cDNA 
codes (reviewed by Douglass et al. 1984). The sequence homology wi th in the 
regions corresponding to the bioactive peptides o-MSH, ACTH and 
¡5-endorphin is remarkable. This phenomenon probably reflects the phys io log i -
cal importance of these peptides 
For the amphibian Xenopus laevi's i t was shown by Loh and Gainer 
(1977) and subsequent ly m our laboratory (Jenks and van Overbeeke 1980) 
that in th is species too MSH is one of the cleavage products of a p recursor . 
Processing of th is precursor yields a number of small pept ides, inc lud ing 
some wi th melanotropic ac t iv i ty Using high performance l iqu id 
chromatography (HPLC) in the separation of these pept ides. Martens et al. 
(1980, 1981, 1982b, 1982c) showed the presence of desacetyl-a-MSH, a-MSH 
and a ïg 'MSH- l i ke pept ide, two forms of CLIP and two s t ruc tu ra l l y d i f fe ren t 
forms of endorph in . Dur ing in vitro incubat ion all these POMC-denved pep-
tides were released into the medium. Two post- t ranslat ional modifications have 
been repor ted, namely an asparagme- lmked N-glycosylat ion of the N-termmal 
17/18K fragments w i th in the Jf-MSH region and the acetylation of 
11 
· · • · · 
РПМГ ni i 
.. с· ...... 
mit ni 
• 
«•η 
• 
I 
·· 
It ШІ 
• · 
11 
г 1 
_ш 
ГИІІ І І ІГІЖ::: ш и ш : 
g ß-LPH 
ui- m i :ш: 
tui J 1 
1 
17Κ/1Θ К produci 
иж 
2: 
ι 
АСТН 
[ЖЖІІ] 
3D (О 
f Ш 1 ρ endorphin 
ß-MSH Ι ΤΠ о о 
П И П '
 d e j A c [=l(i) 
_ _ » > Q Y M S H [ J ] a M S H CLIP 
slow \i.. . · 
ГЖГП I I1ZI]( I ι) 
(ι) 
О 
Ili' I 
Y-MSHO Ц ©Ж c11''. 
IllΓ'Ί desA<:- Ü-MSH || i л ft 
I D (i) 
1 III •( 
7 К / Ш К produci Q 
ι mis 
11 I 
11 I 
U L J ß-endorphin 
β MSH i . 
p
 ι — П р о 
L 
Fig. 1. Schematic representation of the processing of POMC by intermediate-
lobe melanotropes of the amphibian Xenopus laevis. The structures of the two 
prohormones are deduced from the nucleotide sequences of POMC cDNA clones 
(Martens et al, 1985). Locations of ammo acid differences between these 
structures are indicated by solid dots and the single amino acid deletion in 
POMC-A by an open dot Positions of Asn-hnked glycosylations are shown by 
open circles Sites where two or more basic ammo acids occur (potential pro­
teolytic cleavage sites) are indicated by open vertical bars Products indicat­
ed by dotted lines have not been detected in Xenopus intermediate lobes and 
probably represent short-lived intermediates in the processing event. The 
pattern of processing is based on pulse-chase analyses combined with struc­
tural characterization of the products formed The acetylation enzyme for the 
conversion of desAc-a-MSH to a-MSH is shown to be associated with the cell 
membrane for convenience only. The cellular location of this enzyme in amphi­
bian melanotropes is unknown. 
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desacetyl-a-MSH to y ie ld the melanotropically act ive product B - M S H (Martens 
et al. 1981, 1982a). The occurrence of two CLIP peptides and two endorphins 
suggested the presence of two s t ruc tu ra l l y d i f fe ren t forms of POMC p recu r -
sor, a suggestion that was subsequently conf irmed f i r s t by SDS gel e lectro-
phoresis (Martens et al. 1982a) and later by nucleotide sequence analysis of 
cDNA clones coding fo r the Xenopus laevis POMC molecules (Martens et al. 
1985; Martens 1986). The occurrence of two s t ruc tu ra l l y d i f fe ren t forms of 
POMC may be unique for Xenopus as in another amphibian species. Rana ridi-
bunda (Vaudry et al 1984), only one form of POMC was demonstrated. The 
s t ruc tura l organizat ion of the POMC genes in Xenopus is similar to that of the 
human, the bovine and the mouse gene. This implies tha t the POMC gene has 
been remarkably well preserved du r ing 30 mill ion years of ver tebra te evo lu-
t i on . Fig. 1 gives a schematic representat ion of the character ist ics of the two 
forms of POMC in Xenopus laevis, the i r processing in the pars intermedia 
cells and the prof i le of peptides released du r i ng in vitro incubation of the 
t issue. 
Aim and scope of this thesis 
POMC is synthesized not only in melanotrope cells of the pars intermedia bu t 
also in cort icotrope cells of the anter ior p i t u i t a ry and in neuronal networks of 
the central nervous system. As out l ined above, the b iosynthet ic and secreto-
ry processes of POMC cells have proved to be ve ry complex. The heterogene-
ous nature of neuronal t issue of the central nervous system makes th is t issue 
unsuitable fo r many of the in vitro techniques available fo r studies concerning 
regulatory mechanisms of POMC cells at cel lu lar and molecular level . In th is 
regard , the pars intermedia of the p i t u i t a ry gland represents an a t t rac t ive 
model t issue as it const i tutes an almost homogeneous population of POMC p ro -
ducing cel ls. As mentioned before, the melanotrope cells of the amphibian 
pars intermedia have a well def ined neuroendocrine f unc t i on , namely the p ro -
duction and secretion of MSH dur ing adaptation of the animals to a black 
background. The b iosynthet ic and secretory ac t iv i ty of these cells can thus 
be manipulated simply by changing the color of the background . Such manip-
ulations are not possible wi th mammalian intermediate- lobe cells as the phys io-
logical funct ion of these cells is not establ ished. 
The aim of the studies in th is thesis was to elucidate the mechanisms 
involved in the regulat ion of peptide secretion from the MSH cells of Xenopus 
laevis. The fol lowing questions were considered: 1) what neurotransmit ters 
or neuropeptides of hypothalamic or ig in may reach the neurointermediate lobe 
t issue; 2) can these neuropeptides or neurot ransmi t ters affect pept ide secre-
t ion by MSH cells; 3) what type of receptors are involved in th is process and 
where are they located; 4) is selective release of one or more POMC-derived 
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peptides from the MSH-cells possible, 5) are biosynthesis and processing of 
POMC or post- t ranslat ional modif ication of POMC-derived peptides influenced 
by hypothalamic fac tors , 6) what mechanisms are involved in the intracel lu lar 
t ransduct ion of these hypothalamic signals 
This s tudy was star ted wi th an invest igat ion of the early development of 
the neuroendocrine system regulat ing dermal melanophores of Xenopus du r ing 
background adaptation (Chapter 2) Chapters 3 to 11 deal with questions con-
cern ing the hypothalamic factors that are involved m regulation of peptide 
secretion from the intermediate lobe cells It is shown that the catecholamines 
dopamine, adrenaline and noradrenal ine are capable of inducing inhibi t ion of 
pept ide release from the neuromtermediate lobe in vitro Furthermore, the 
pharmacological character ist ics of the catecholamme-sensit ive receptors are 
determined (Chapters 3 and 4) The neurot ransmi t ter GABA is also involved 
in the regulat ion of hormone secretion from melanotropes A GABAergic neu-
ron system was shown to be present in Xenopus laevis neuromtermediate lobes 
(Chapter 5) Biochemical evidence is given for the involvement of GABA m 
inh ib i t ion of pept ide release and the receptors fo r GABA are characterized 
(Chapters 5 and 6) To determine if GABA and the catecholamines inf luence 
secretion th rough d i rect action on the melanotrope cel l , suspensions of in ter -
mediate lobe cells were prepared Subsequent ly , the effects of GABA and 
catecholamines on the release of MSH from isolated melanotrope cells were 
determined (Chapter 7) In add i t ion , these melanotrope cells in suspension 
were ut i l ized to study the effects of act ivat ion of the catecholamine- and 
GABA receptors on the in t racel lu lar product ion of ryc l ic -AMP (Chapter 8) 
The fo l lowing three chapters (9 , 10, 11) deal wi th the possible pept idergic 
factors tha t are involved in hypothalamic regulat ion of secretion from the 
melanotrope cells F i rs t the possible involvement of TRH as a melanotrope 
releasing factor was invest igated (Chapter 9) In Chapter 10 the presence of 
NPY-l ike neurons m the Xenopus laevis pars intermedia is reported and ev i -
dence is presented that a NPY-l ike pept ide may be a potent inh ib i tor of 
release of MSH and other POMC-denved peptides In Chapter 11 the results 
are given of an invest igat ion concerning the inf luence on MSH secretion o* the 
neuropeptides cor t icot rop in releasing factor (CRF) , sauvagine, and urotensm 
I Throughout the above studies attent ion was given to the effects of the 
var ious secretagogues, not only on the release of a-MSH, but on other pep-
tides der ived from the precursor POMC While, m genera l , a co-ordinate reg-
ulation of release of these peptides is f ound , in the last chapter (Chapter 
12), the possib i l i ty is considered that amphibian melanotropes are indeed 
capable of a l ter ing the pept ide prof i le of the i r secretory s ignal , namely by 
regu la t ing the process of acetylat ion under d i f fe ren t physiological states of 
background adaptation 
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Chapter 2 
THE DEVELOPMENT OF THE PARS INTERMEDIA AND ITS ROLE IN THE 
REGULATION OF DERMAL MELANOPHORES IN THE LARVAE OF THE 
AMPHIBIAN XENOPUS LAEVIS 
Cen. Сотр. Endocrinol. 55: 54-65 (1984). 
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ABSTRACT 
The ontogenesis of biosynthesis of pro-opiomelanocortm (POMC)-related 
peptides m the pars intermedia of Xenopus laevis tadpoles was studied The 
results were related to the capacity of the animal to adapt to background col­
o r t h r o u g h regulation of pigment dispersion in dermal melanophores Using 
immunocytochemical techniques wi th antisera to α-melanophore-stimulating hor­
mone ( Œ - M S H ) , i t was revealed that th is pept ide f i r s t appeared at develop-
mental stage 37/38, jus t p r io r to the animal's ab i l i ty to adapt to background 
It was shown that pigment dispersion in melanophores between stages 33 and 
39 was not dependent on melanotropins of p i t u i t a ry or ig in Using In vitro 
biosynthet ic studies it was possible to follow POMC biosynthet ic ac t i v i t y , its 
processing and the relea'se of peptides from stage 48 onward Among the new-
ly synthesized peptides observed were a JU-MSH-like pept ide, des-
No-acety l -a-MSH, a-MSH, and two endorphm- l i ke peptides By stage 57 a 
b iosynthet ic pat tern almost identical to that of the adult pars intermedia had 
evo lved. It was concluded that stage 39/40 is a cr i t ica l stage m the simulta-
neous development of a number of the components involved m the neuroendoc-
r ine contro l of background adaptation 
18 
INTRODUCTION 
Early studies of Atwel l (1919) and Swingle (1921) on pigmentation chang-
es m larvae of anurans revealed that the p i t u i t a ry gland is related to changes 
m skin color. The fu l l signif icance of these early observat ions became clear 
th rough the work of Hogben and his colleagues, who showed that a "melano-
t ropic st imulant" f rom the pars intermedia was d i rec t ly responsible fo r the 
wel l -known background adaptation (Hogben and Slome, 1931, see also War ing, 
1963) Lerner et al. (1954) introduced the name melanophore-st imulatmg hor-
mone (MSH). Several invest igators s tudy ing Xenopus laevis established that in 
this species the pars intermedia produces several d i f fe ren t melanotropic subs-
tances Analysis of b iosynthet ic events in neuromtermediate lobes of X. laevis 
showed tha t the product ion of melanotropins has the character ist ics of a 
p recu rso r -p roduc t relat ionship (Loh and Gainer, 1977; Jenks and Van Over-
beeke, 1980) In vitro and in vivo studies by Martens et a l . (1980, 1982a-c, 
1983) revealed tha t m Xenopus the biosynthesis commences wi th the produc-
t ion of a prohormone, pro-opiomelanocortm (POMC) which is subsequent ly 
processed to y ie ld th ree melanotropic pept ides, namely, aMSH, des-
Na-acety l -o-MSH, and a Ï., MSH-like pept ide, as well as several other pep-
t ides , inc lud ing two forms of a cor t i co t ropm- l tke intermediate peptide (CLIP) 
and two peptides s t ruc tu ra l l y related to the endogenous opiate ß-endorphm. 
Analysis of release showed spontaneous secretion of all these peptides wi th 
the exception of des-Na-acetyl-a-MSH which was acetylated to form a-MSH 
du r i ng the release process (Martens et al , 1981a). Dopamine was shown to 
inh ib i t release of all secretory peptides (Martens et al., 1981b) This lat ter 
observat ion is consistent w i th the concept tha t release of peptides f rom the 
pars intermedia of Xenopus is under inh ib i to ry control t h rough a dopaminergic 
system (Ter lou et al., 1974, Jenks, 1977). 
The apparent d i ve rs i t y of the terminal products of the pars intermedia 
prompted questions concerning the ontogenetic development of th is system. We 
report the results of an invest igat ion concerning the biosynthet ic ac t i v i t y in 
the pars intermedia and the release of its products du r i ng larval development 
of X. laevis As p i t u i t a r y glands of larvae before stage 47/48 could not be 
isolated for biochemical analysis, per t inent aspects of ve ry early development 
were studied w i th morphological and immunocytochemical methods. In add i t ion , 
the func t ion ing of the pars intermedia m young tadpoles, p r i o r to the devel -
opment of the i r capaci ty to adapt to background , was invest igated 
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MATERIALS AND METHODS 
Animals 
Xenopus laevis tadpoles were bred and reared in the aquarium faci l i ty of the 
Department of Zoology, Catholic U n i v e r s i t y , Nijmegen, The Netherlands. 
Spawning was induced by injection of Pregnyl (Organon, Oss, The Nether­
lands) into the dorsal lymph sac. The male was given a daily injection of 300 
I U. f o r two consecutive days, while the female was given a single injection 
of 600 I .U. (on the second day o n l y ) . Tadpoles were kept at 22C under con­
stant i l lumination on black or white backgrounds From stage 46 onward, the 
tadpoles were fed powdered urticaceae leaves (J Hooy В V , Limmen, The 
Netherlands) to which was added 10o w/w each of milk powder and yeast For 
the f i r s t 3 days after metamorphosis animals were fed tubi fex and thereafter 
they received Amficon ( T r o u w , Putten, The Nether lands). The developmental 
stages of the tadpoles were determined using the standard tale of Nieuwkoop 
and Faber (1967). The degree of pigment dispersion m the dermal melano-
phores was determined according to the index of Hogben and Slome (1931). 
Histological and immunocytochemical techniques 
To invest igate the development and di f ferent iat ion of the p i t u i t a r y g land, t a d ­
poles of various stages as well as postmetamorphic animals from both white 
and black backgrounds were selected. Tissue was f ixed in Bourn's f l u i d , 
embedded m Paraplast, and sectioned at 5 or 7 μη For morphological s tudy, 
sections were stained using Geidies' tnchrome procedure. Immunocytochemical 
ident i f icat ion of cell types was achieved using the peroxidase-anti-peroxidase 
method of Sternberger (1979), using 4-CI-naphthol as an oxygen acceptor. In 
these studies antisera to a-MSH, ß-endorphm, ACTH, and Ï-MSH were used. 
The an t i -3 -endorphm was a g i f t from H. Vaudry (Rouen, France) and the 
an t i - ï -MSH was a g i f t from P. Lowry (London) . The anti-a-MSH and ant i -
ACTH were raised against synthet ic a-MSH (Peninsula) and А С Т Н ^ ^ д (Orga­
n o n ) , respect ive ly, both antigens were f i r s t conjugated with glutaraldehyde to 
bovine serum albumin (BSA) The antiserum to a-MSH showed minimal cross-
react iv i ty (<0 01°) with A C T H ^ g , reacted weakly (<20o) wi th ACTH 1 ^ and 
porcine A C T H , oq, a n d showed a cross-react iv i ty of -15o with des-
Na-acetyl-a-MSH. Specif ic i ty of immunohistochemical b inding of anti-a-MSH 
and ant i-ACTH was shown by incubation of the antiserum with an excess of 
the appropr iate hormone. Sensit iv i ty was tested by staining with serially 
d i luted samples of the pr imary ant ibody. 
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Regulation of melanophores during early larval development. 
To assess whether in larvae younger than stage 39 pigment dispersion in the 
melanophores is under p i t u i t a r y c o n t r o l , we had hoped to follow the effect of 
hypophysectomy. Since at these young stages th is operation was impossible, 
the decapitation procedure of Bagnara (1963) was employed. Approximately 
200 animals at stage 25-27 (30 hr of development) from three d i f f e r e n t c l u t c h ­
es were used Half of these animals were used as controls and the remainder 
were decapitated just behind the gi l l pnmordium At th is stage they had not 
/et developed melanophores. All animals were placed on black backgrounds. 
The morphogenetic development of the control and decapitated animals was 
then followed for the next 3 days using the cr i ter ia of Nieuwkoop and Faber 
(1967). Melanophore formation and the degree of melanin dispersion was 
recorded for each developmental stage. 
Analysis of biosynthesis in larval pituitary glands 
Tadpoles were ki l led by severing the spinal c o r d , and two lateral cuts were 
made t h r o u g h the skull such that the t issue containing the upper jaw and 
brain could be removed and placed under a dissecting microscope to view the 
ventral surface Using f i n e , electrolyt ical ly sharpened needles, the upper jaw 
bone was cut down the midline and spread apart , exposing the b r a i n . A d r o p 
of f r o g Ringer's solution was applied and the p i t u i t a r y gland was l i f ted out 
with a pair of f ine tweezers and t r a n s f e r r e d to an incubation vial The glands 
were kept m 100 μΙ carbogen-aerated (О^ COj 95o 5%) incubation medium (112 
mM NaCI, 2 mM KCl, 2 mM C a C l j , 15 mM Hepes, pH 7 38, 0.3 mg/ml BSA, 2 
mg/ml glucose) for 30-60 mm at 22C. The biosynthet ic studies were conducted 
with 10-25 larval p i t u i t a r y glands per incubation For analysis of newly s y n ­
thesized products m the adult , a single neuromtermediate lobe was used. 
Lobes were given a pulse incubation for 2 hr in 30 μΙ of incubation medium 
containing 20 μΟ L-[4,5- H] lys ine (90 Ci/mmol, Amersham, United Kingdom) 
о 
and 20 μCι L - [ 2 , 4 , 6 - Hjphenylalamne (8C 2i/mmol, Amersham) in a Dubnoff 
metabolic shaker at 22C A f t e r the pulse incubation the medium was carefu l ly 
aspirated and the lobes were rinsed three times in 50 μΙ chase medium. A 
2-hr chase incubation was performed in 100 μΙ medium containing 1 mM each of 
L-lysme and L-phenylalanine (Calbiochem, San Diego, Calif ). The lobes were 
homogenized in 500 μΙ 0.1 M HCl, the homogenste was c e n t r i f u g e d for 5 mm at 
10,000g, and the supernatant was submitted to high-performance l iqu id c h r o ­
matography (HPLC). The chase medium was acidif ied w i t h 500 μΙ 0.1 M HCl 
and c e n t r i f u g e d p r i o r to HPLC analysis. 
HPLC separations of peptides were carr ied out using a Sphensorb 10 
ODS column (Chrompack 250 χ 4 6 mm i . d . ) wi th a flow rate of 2 ml/mm. The 
elution gradient consisted of 0.5 M formic j c ' d - 0 . 1 4 M p y r i d i n e (pH 3 0, sol-
2 
vent A) and 1-propanol (solvent В). One-milliliter fractions were collected. 
Four milliliters of emulsifier scintillator 299 (Packard, Brussels, Belgium) was 
added and the radioactivity in each vial was determined with a liquid scintilla­
tion analyzer. Further details concerning the chromatographic procedures can 
be found in Martens et al. (1980, 1982a). 
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Fig 1. ( A ) Morphological development of the p i t u i t a r y gland m X. laevis. 
Stages indicated in the lower left of each diagram were determined by the c r i ­
teria of Nieuwkoop and Faber (1967) T h e migrating adenohypophysial p n m o r -
dium is indicated in black 1 , notochord; 2, mouth opening, 3 , optic chiasma; 
4 , pineal g l a n d ; V I I , infundibular recess of the t h i r d ventricle ( B ) Schemat­
ic diagram showing the development of X . laevis larvae as a function of time 
( C ) Melanophore appearance under various experimental conditions in relation 
to the time axis given in В In all cases the f i r s t melanophores appeared in 
stage 33/34 
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RESULTS 
Tadpoles developed the i r f i r s t melanophores du r i ng stages 33/34 ( F i g . 
1). The pigment m the melanophores remained dispersed unt i l the animals 
started to respond to background, around stages 39 to 41 At th is time the 
pigment m the melanophores of animals kept on a black background remained 
d ispersed, while in animals maintained on white background an aggregat ion of 
this pigment occur red . Occasionally, b lack-adapted tadpoles of stages 39 to 
41 would show temporary aggregation of pigment Exposing tadpoles younger 
than stage 39/40 to the dopamine receptor agonist apomorphme (Brocacef 
B . V . , Maarssen, The Nether lands) , by adding it to the water ( f inal concen-
-6 
t ra t i on , 10 M) , d id not affect the i r melanophore index. The same experiment 
conducted on animals older than stage 39/40 showed that apomorphme t rea t -
ment led to aggregation of pigment (Fig 1 ) . Control experiments using isolat-
ed larval tai ls showed that the melanophores themselves were not sensi t ive to 
apomorphme. 
Development of the Adenohypophyseal Primordium 
The early pr imordium of the adenohypophysis, developing from the stomodeal 
hypophyseal anläge, was dist inguishable at about stage 21 It grew m a cau-
dal d i rec t ion . By stage 31 to 33 it detached from the ectoderm, reaching its 
f inal posi t ion, jus t underneath the in fund ibu lum, at about stage 39/40 (Fig 
1) . In ear ly stages, numerous cells of the p i tu i ta ry gland contained yolk 
granules which had disappeared by stage 38/39. 
Immunocytochemical Investigation of POMC-related peptides 
Occasionally, a s l ight posi t ive reaction to ant i-a-MSH was found m the p i t u i -
ta ry gland of animals at stage 37/38. By stage 39, s l igh t ly before the animals 
were capable of background adaptat ion, a posi t ive reaction was seen m all 
animals. The in tens i ty of th is reaction increased between stages 39 and 43 
(Fig 2a) . The posi t ive reaction could be found m two d is t inc t regions, one 
represent ing the f u t u r e pars intermedia, the other the anter ior par t of the 
developing pars d is tahs. A t stage 39 these two cell groups bound both 
anti-a-MSH and an t i -ACTH antisera and , f rom stage 41 onward , they also 
showed ï -MSH- l i ke and 0-endorph in- l i ke immunoreact iv i ty . B ind ing of an t i -
ACTH was st rongest in the cells of the pars anter io r ; ant i -a-MSH and 
ant i -ß-endorphm were bound most s t rong ly by the pars intermedia cells (F ig . 
2c) . In the pars intermedia at stage 45 and 46, a f f i n i t y fo r ant i -a-MSH was 
always s t ronger m cells of b lack-adapted tadpoles than m those of wh i te -
adapted ones ( F i g . 2 b ) . 
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Fig. 2 (A) Immunocytochemical localization of o-MSH m the pituitary gland of 
young X. loevis larvae. Both animals were raised on a black background. 
Note the dramatic increase in staining intensity between the stage 40 and 
stage 43 animal (lOOx) (B) An example of immunocytochemical localization of 
o-MSH in X. laevis tadpoles raised on a black or white background ( 90x). 
(C) Comparison of immunocytochemical localization using antisera to o-MSH 
and ACTH. Tadpoles were raised on a black background (50x). p.i , pars 
intermedia; p . d . , pars distalis. 
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Regulation of melanophores during early larval development 
Over SCo of the decapitated animals surv ived the operat ion. The wounds 
quick ly healed and, judging from the features that are used as cr i ter ia for 
development by Nieuwkoop and Faber (1967) ( e . g . , tail development, number 
of somites, gut development, and melanophore d i f fe ren t ia t ion) , the operation 
did not in ter fere wi th the normal development of these tadpoles. Both the rate 
of d i f ferent iat ion and the features of the d i f ferent iated t issue were the same 
in the decapitated animals and the controls. In both groups, melanophores 
appeared at stage 33/34 and the pigment wi th in the melanophores quick ly d is -
persed and remained in the fu l ly dispersed state unt i l stage 39 (F ig . 3 ) . 
Fig. 3. Effect of decapitation on the appearance of melanophores in tadpoles 
of X. laevis maintained on biack background. (A) Stage 35/36: note fully 
expanded melanophores in both the control (upper) and decapitated (lower) 
animal. (B) Stage 41: note aggregation of pigment in decapitated animal only 
(lower). An enlargement of the melanophores is shown in the lower right cor-
ner in each photograph. 
Between stages 39 and 41 all of the pigment in the melanophores of the deca-
pitated animals became punctate while that of the control animals remained 
dispersed. To determine whether the melanophores of the decapitated animals 
were sensit ive to MSH, in vitro experiments were performed on isolated tails 
of these animals af ter pigment aggregation in stage 41 . a-MSH (a g i f t from 
Organon B .V . ) at a concentration of 1 yg/ml in the aquarium water caused 
complete pigment dispersion in the melanophores. 
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Fig 4. High-performance liquid chromatographic analysis of in vitro synthesis 
and release of P O M C - d e n v e d peptides of Ыаск-adapted X. laevis tadpoles In 
the case of larval stages 48, 53, and 58, whole p i t u i t a r y glands were incubat­
e d , for the adults, neuromtermediate lobes were used Tissue was incubated 
3 3 
m the presence of [ HJIysine and [ H]phenylalanine for 2 hr, followed by a 
2 - h r chase incubation For each chromatogram the amount of radioactivity in 
each fraction is expressed as a percentage of the total elution. For each 
experiment the tissue profi le (lobe) is shown on t h e left and that of the cor­
responding incubation medium on the r ight I d e n t i t y of products. I , 
Гз-MSH-like peptide , I I , des-Na-acetyl-o-MSH ; IV, «-MSH, CLIP-1 ; V , 
C L I P - 2 ; V I , identity unknown, V I I , e n d o r p h m - l ; V I I I , endorphin-2. Elution 
gradient (% secondary solvent, B) is given in the lower r ight f i g u r e . Dashed 
line in the profi le of the medium for stage 48 gives the results after incuba­
tion in the presence of 6 mM 8-Br-cAMP. 
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Analysis of biosynthesis in larval pituitary glands 
Separation of intact larval neuromtermediate lobes for the pulse-chase e x p e r i ­
ments could not be obtained and the incubations were, t h e r e f o r e , performed 
with whole p i t u i t a r y g lands. HPLC prof i les of newly synthesized peptides 
obtained from such incubations are presented in Fig. 4. These p r o f i l e s , m 
part icu lar at the later stages of development, are essential ly the same as 
those obtained from the pars intermedia of adult animals, although occasionally 
addit ional peaks were f o u n d , e д . , peak A ( F i g . 5 ) . Since it was possible to 
dissect out intact pars distahs of larvae, separate pulse-chase incubations 
wi th this t issue were carr ied out In th is manner we could assess whether 
any of the peptides represented in the HPLC prof i le from whole p i t u i t a r y 
glands were der ived from the pars distahs It could be shown that of the 
HPLC prof i les obtained from whole p i t u i t a r y glands only peak A was also 
found in the chromatogram of the pars distahs We conclude that products I, 
I I , IV, V , V I I , and V I I I ( F i g . 4) are newly synthesized products from the 
pars intermedia In adults these products have been i d e n t i f i e d . I , a 
¡UMSH-hke pept ide I I , des-No-acetyl-o-MSH IV, two coelutmg pept ides, 
a-MSH, and C L I P - 1 , V , CLIP-2, V I I , e n d o r p h i n - l , V I I I , endorph in-2 (Mar-
tens et al., 1980, 1982a-c) 
The earl iest stage m which biosynthet ic ac t iv i ty could be analyzed was 
stage 47/48. Despite the fact that in this experiment 20 lobes were incubated, 
the HPLC prof i les were ve ry low Most of the peptides l isted above as l -V I I I 
were present , but there was a predominance of newly synthesized melanotro-
pins (products I and I I ) , while the presence of endorphin-2 (peak V I I I ) was 
questionable. Incorporat ion of radioactive ammo acids in the p i t u i t a ry 
increased considerably wi th increasing size and developmental stage of the 
animals. A t stage 53, endorph in-2 st i l l represented a small f ract ion of the 
newly synthesized p roduc ts , but by stage 58 its cont r ibut ion to the HPLC 
prof i le had reached almost the level found in adults (Fig 4 ) . A t metamorpho-
sis the incorporat ion of labeled amino acids m the p i tu i ta ry gland was approx-
imately 150o of that incorporated by adult lobes. 
Release of products into the incubation medium was observed in animals 
older than stage 50 and the HPLC prof i les of these media were ve ry similar to 
those obtained from the lobes, wi th two except ions. Relative to the lobe p ro -
f i l e , the medium contained l i t t le product I I , whi le the reverse was t r u e w i th 
regard to product IV. In the youngest stage invest igated, namely, stage 48, 
the over-a l l incorporat ion was so low that analysis of the medium was very 
d i f f i cu l t ; only products I and II were clear ly d is t inguishable. To f u r t h e r ana-
lyze release in th is ear ly stage, a separate experiment was conducted whereby 
8-bromo-3 ' ,5 ' -cyc l ic adenosine monophosphate (8 -Br -cAMP; Sigma, St. Louis, 
Mo.) was added to stimulate secret ion. In this case, wi th the exception of 
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product V i l i , the complete profile of newly synthesized peptides was found in 
the medium. Incorporation of radioactive amino acids into pituitary glands of 
white-adapted larvae was always very low when compared to that in black-
adapted tadpoles (Fig. 5 ) . 
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Fig. 5. Comparison of peptide synthesis and release by p i t u i t a r y glands of 
black- and white-adapted tadpoles of stage 54 High-performance liquid chro­
matographic analysis of lobes and media after a 2-hr pulse incubation in the 
3 3 
presence of [ HJIysme and [ HJphenylalanme, followed by a 2-hr chase incu­
bation. For peak identification see Fig 4; product A was shown to be a 
product from the pars distahs 
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DISCUSSION 
Our observations show that in larvae of X . laevis the dermal melano-
phores f i r s t appear at stage 33/34 The melanin in these cells was in i t ia l ly in 
a perinuclear posi t ion, but qu ick ly dispersed throughout the cytoplasm and 
its extensions This dispersed stage of pigment was seen both m tadpoles on 
a white background and in tadpoles on a black background Between stages 
39 and 41 the animals developed the capacity to adapt to a white background 
These observations confirm those of Bagnara (1963) and Ter lou and Van 
Straaten (1973) Bagnara has suggested that the dispersed condit ion of the 
melanophores du r i ng stages 33 through 39 is due to uninhib i ted release of 
MSH from the p i tu i ta ry gland Our data do not suppor t th is hypothesis From 
stages 33 to 37 we could not demonstrate immunocytochemicaJy the presence 
of MSH or any other POMC-related peptides in the pars intermedia While it 
has been argued (e g , Nyholm and Doerr /Schot t , 1977) that the absence of 
MSH could be the consequence of the immediate release of the hormone fol low-
ing its biosynthesis, we would like to point out that we experienced no d i f f i -
cul ty in demonstrating immunoreactive MSH in the pars intermedia of b lack-
adapted larvae of later stages This indicates that the sensi t iv i ty of o°ur 
immunocytochemical technique was not a l imit ing factor in demonstrat ing the 
presence of melanotropms in actively secreting lobes We would thus conclude 
that the lack of immunocytochemically demonstrable melanotropms in these 
young larvae is due to the fact that the pars intermedia is not yet produc ing 
such peptides In our animals the adenohypophyseal primordium did not reach 
the position underneath the infundibulum unt i l stage 38/39 Pehlemann and 
others ( for review, see Pehlemann, 1962) have performed experiments wi th 
p i tu i tary primordia m a number of amphibians, including Xenopus, and estab-
lished that contact of the adenohypophyseal primordium with the in fundibulum 
is a requirement fo r d i f ferent iat ion of the t issue to produce melanotropms 
The results of our decapitation experiments also indicate that melanin d isper-
sion m stages 33 to 39 is not due to melanotropms of p i tu i ta ry or ig in 
Repeated analysis of decapitated animals clearly showed that the pigment m 
thei r melanophores remained dispersed between stages 33 and 39 Al together , 
we conclude that p i tu i ta ry product ion of melanotropms begins at about stage 
39 At this stage intact larvae acquire the abi l i ty to adapt to a black back-
g round , while decapitated larvae aggregate the i r pigment. 
The absence of p i tu i ta ry control of melanophores m tadpoles p r io r to 
stage 39 raises an in t r i gu ing question Is there a melanotropm of ex t rap i t u i -
ta ry o r ig in 7 We observed tha t , in general , dorsal melanophores of animals on 
white background showed pigment aggregation earl ier than the more vent ra l l y 
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located melanophores This corresponded wi th the disappearance of yolk 
granules which led us to consider that in ear ly stages of development melano-
t rop ic ac t i v i t y emanates from the yolk material A prel iminary experiment 
indeed demonstrated that a crude ext ract from Xenopus eggs causes melanin 
dispersion in melanophores of incubated tai ls of young larvae We are pres-
ent ly attempting to isolate and characterize th is factor The temporary aggre-
gation of pigment occasionally noted m tadpoles on a black background at 
stage 39/40 indicates that in these cases the yolk factor disappeared before 
the pars intermedia was capable of assuming the control of melanin dispersion 
Al though our immunocytochemical analysis revealed the presence of 
POMC-related peptides in the pars intermedia, th is technique does not permit 
complete product ident i f icat ion Because of the close s t ruc tu ra l relationships 
of some of the terminal p roducts , c ross- react iv i ty is l ikely to occur More-
over , c ross- reac t iv i t y wi th intermediate products in the biosynthesis of these 
peptides or with the prohormone itself cannot be ruled out The results of 
biochemical analysis showed that m the tadpoles from stage 51 onward the 
prof i les of newly synthesized peptides were very similar to those of adults 
On the basis of the ident i f icat ion of newly synthesized peptides m adults by 
Martens et al. (1982a), we propose that terminal products in larval Xenopus 
are a ÎU 'MS' -M 'k 8 pept ide, des-Na-acety l -a-MSH, a-MSH, two CLIPs, and two 
endorphm- l i ke peptides In larvae, adaptation to a black background induced 
h igher rates of b iosynthesis, an observat ion also reported for adults (Whur 
and Weatherhead, 1971, Jenks et al., 1977, Loh and Gainer, 1977) From 
stage 51 onward , and including the adult stage, peak I I , represent ing des-
Na-acety l -o-MSH, const i tuted a major t issue p roduc t , but was very low m the 
medium The opposite was found with respect to peak IV In the lobe, peak 
IV represents C L I P - 1 , while in the medium th is peak represents the coelut ing 
peptides CLIP-1 and a-MSH (Martens et al., 1982c) In adults i t has been 
demonstrated that the predominance of des-Na-acety l -a MSH m the tissue and 
the occurrence of a-MSH pr imar i ly in the medium is because the acetylat.on of 
des-Na-acetyl-a-MSH to y ie ld MSH is closely related to the release process 
(Martens et al., 1981a) Al though in the present s tudy we did not separately 
determine the two peptides that are probably coelut ing as peak IV, in our 
opinion the simi lar i ty between our f ind ings m the larvae and those m the 
adults indicates tha t , in larvae of stage 51 and o lder , acetylation of newly 
synthesized des-Na-acetyl-a-MSH is also l inked to the release process 
It was hoped that wi th the biosynthet ic studies we would be able to f o l -
low the development of the various biosynthet ic processes necessary for pars 
intermedia funct ion such as the capacity to produce POMC, the acquisit ion of 
the enzymatic system for processing of the prohormone, and, f ina l l y , the 
ab i l i t y to release the terminal products Unfor tuna te ly , dissection of 
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p i tu i ta ry glands for such studies in very young larvae was very d i f f i cu l t In 
animals of stage 48, the earliest stage which permit ted biochemical analysis, 
several deviations from the results obtained wi th later larvae or adult pars 
intermedia were noted The amounts of melanotropins synthesized by the 
glands of animals of stage 48 were extremely h i gh , relat ive to the other 
POMC-related peptides This might suggest a d i f fe ren t manner of processing 
POMC in these young larvae It was clear from the results that these lobes 
were capable of releasing newly synthesized melanotropins The fact tha t the 
des-acetyl form of a-MSH was the major form of the pept ide released sponta-
neously into the medium, indicates that the acetvlation mechanism may be less 
active in these early larvae Apparent ly cAMP is able to activate th is mecha-
nism, indicated by the fact that peak IV was a major peak in the medium fo l -
lowing cAMP treatment The adult pars intermedia produces two sequent ial ly 
d i f ferent POMCs one di f ference being located m the endorphin region of the 
prohormones iMartens et al., 1982c), one of these prohormones gives rise to 
endorphin 1 (product V I I ) and the other to endorphin-2 (product V I I I ) The 
total absence of endorphin-2 in the prof i les at stage 48 suggests tha t m th is 
early stage only one of the prohormones is synthesized and/or processed The 
contr ibut ion of endorphin-2 to the prof i les gradual ly increased in later stages 
such that by stage 57 the adult prof i le was obtained 
In conclusion, our results m combination wi th those of others show that 
stage 39/40 is a cr i t ica l stage in the development of a number of d i f fe ren t 
components of the neuroendocrine system which enable Xenopus tadpoles to 
adapt to thei r background At about th is stage there is a loss of a melano-
t ropic fac tor , probably emanating from the yolk material In th is cr i t ica l p e r i -
od the adenohypophyseal pr imordium reaches the in fundibu lum and the pars 
intermedia qu ick ly d i f ferent iates to produce POMC-related peptides Conseq-
uent ly , the animals acquire the abi l i ty to regulate the pigment m the i r dermal 
melanophores The f i r s t innervat ion of the pars intermedia by ammergic neu-
rons apparent ly also takes place at about stage 39/40 (Ter lou and Van Straa-
t e n , 1973) Our results show that a dopamine agonist acts as an ef fect ive 
inh ib i tor of MSH release du r ing this period The remarkable coordination m 
the development of the various components of the neuroendocrine system fo r 
background adaptation is f u r t he r supported by a recent s tudy by Holt and 
Harr is (1983) They demonstrated that ret inal project ions m Xenopus larvae 
reach the optic tectum and are organized topographical ly in the i r f inal form at 
stage 39/40 Thus , both the abi l i ty to produce the melanotropins and the 
development of the regulatory mechanisms are established du r i ng stage 39/40 
and impart to the tadpoles the i r capacity fo r background adaptation 
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ABSTRACT 
While mammalian dopamine receptors have been extensively character ized, 
v e r y l i t t l e at tent ion has been given to these receptors in lower ver tebrates. 
Dopamine is t h o u g h t to be a physiological ly important melanotropm release 
i n h i b i t i n g factor m amphibians. By administer ing selective dopamine receptor 
agonists and antagonists to superfused neurointermediate lobes of Xenopus 
laevis, and monitor ing t h e i r effect on the release of melanophore stimulating 
hormone (MSH), we have examined the character ist ics of the receptors 
involved m the dopamine induced inhibi t ion of MSH secret ion. The results 
show that the receptor system involved has character ist ics of both classical 
D-2 receptors and α-adrenergic receptors This is concluded f r o m : 1) the 
agonistic effect of both the D-2 receptor agonists LY-171555 and apomorphine 
a n d , 2) the antagonism of this ef fect , not only by the D-2 receptor antago­
nists s u l p i r i d e , dompendon and halopendol , b u t also by the a-adrenergic 
receptor antagonist phentolamme, 3) and the observat ion that adrenaline, 
which is extremely potent m i n h i b i t i n g MSH release, could be f u l l y blocked by 
D-2 receptor antagonists. Both the fact that the dopamme-mduced inhibi t ion 
of MSH secretion could not be blocked by ha lopendol , dompendon and phen­
tolamme and that adrenal ine-induced inhibi t ion was hardly blocked by phento­
lamme led us to suggest the possible presence of mult iple receptors or 
r e c e p t o r - s i t e s . We f i n d no evidence f o r the involvement of dopamine D-1 
receptors m the regulat ion of MSH release 
The effects of dopamine agonists and antagonists were also studied in 
vivo by monitor ing changes m pigment dispersion of dermal melanophores. 
The results are consistent wi th our in vitro f i n d i n g s and indicate moreover, 
that in the l i v i n g animals t h e r e must also be a non-catecholaminergic system 
involved in the inh ib i t ion of MSH release from the pars intermedia. 
36 
INTRODUCTION 
In amphibians the pars intermedia plays an important role in background 
adaptation This gland synthesizes a high molecular weight prohormone, p ro -
opiomelanocortin (POMC), which is processed to a number of small peptides 
including melanophore st imulat ing hormone, MSH (15, 17, 19) By st imulat ing 
the dispersion of black pigment in dermal melanophores, th is hormone imparts 
upon the animal a dark skin coloration Regulation of pars intermedia funct ion 
du r i ng background adaptation is achieved th rough opt ic s t imul i , which are 
l ikely centra l ly in tegrated Hypothalamic factors of ammergic and pept iderg ic 
nature have been proposed to d i rec t ly affect hormone secretion from the pars 
intermedia (4 , 6, 10, 26) Early studies by Etkm (4) and I tunzza (10) 
already indicated the importance of an inh ib i to ry factor of hypothalamic o r i -
gin Histological invest igat ions have shown that in the aquatic toad Xenopus 
laevis a catecholammergic nerve system, possibly dopaminergic, is innervat ing 
the pars intermedia (5, 8, 2) Moreover, in vitro studies wi th the neurom-
termediate lobes of the same species have shown that dopamine is potent m 
inh ib i t ing secretion of MSH (11) and other peptides synthesized from POMC 
(18, 15, 12) 
Pharmacological s tudies, conducted pr imar i ly with mammalian systems, 
revealed the presence of mult iple receptors for dopamine While there is no 
consensus about the classif ication of these receptors, many authors are now 
subd iv id ing the dopamine receptors into two d is t inc t classes, D-1 and D-2, 
according to the cr i te r ia of Kebabian and Calne (13) This classif ication is 
based mainly on the responses to selective agonists and the blockage of these 
effects by specif ic antagonists The D-1 receptor is believed to cause an 
increase m in t racel lu lar cychc-AMP, whi le the D-2 receptor e i ther inh ib i ts 
adenylate cyclase, or has no effect on cychc-AMP levels (14) The dopaminer-
gic receptor mechanism regulat ing the mammalian pars intermedia has recent ly 
been character ized (3) It was concluded that the inh ib i to ry effect of dopa-
mine on MSH secretion is mediated by a D-2 receptor which is thought to 
decrease the ac t iv i ty of adenylate cyclase Al though the results of Tonon et 
al (27) on the regulat ion of release of melanotropins from the f rog pars 
intermedia and that of Loh et al on Xenopus (16) , suggest the involvement 
of a D-2 receptor, the character ist ics of dopamine receptors have never been 
extensively invest igated m amphibians We therefore decided to ident i fy the 
receptor mechanism involved in the dopamme-mduced inhib i t ion of MSH release 
from the pars intermedia of Xenopus laevis This was achieved by s tudy ing 
the effects of specif ic dopamine agonists and antagonists on the release of 
MSH from superfused neuromtermediate lobes In order to evaluate the impor-
tance of these receptors m background adaptation we extended our in vitro 
studies to the in vivo s i tuat ion 
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MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred and reared m our aquarium fac i l i t y . Animals were 
adapted to a black background by placing them in black buckets under con-
stant i l lumination at least three weeks p r io r to the experiment. Melanophore 
index, ref lect ing the degree of pigment dispersion in the dermal melano-
phores, was determined according to the cr i te r ia of Hogben and Slome (7 ) . 
Test of tissue viability in supçrfuslon system 
The v iab i l i t y of the neuromtermediate lobes af ter a 6-h superfusion exper i -
ment was tested both by electronmicroscopical evaluation of the tissue and by 
comparison of the biosynthet ic ac t iv i ty of intermediate lobe cells before and 
af ter super fus ion. Lobes were taken from b lack-background adapted animals, 
because these are known to have a high b iosynthet ic ac t iv i ty (19). Details 
concerning the methods to analyze the biosynthet ic ac t iv i ty have been repor t -
ed (17, 19). B r ie f l y , lobes were pulse incubated for 1.5 h in 50 yl incubation 
medium containing 20 yCi L - (4 ,5 - H) lysine (90 Ci/mmol, Amersham, UK) and 
20 yCi L - (2 ,4 ,6 - H)phenylalanine (80 Ci/mmol, Amersham) m a shaking water-
bath (22C). Subsequently the lobes were chase-mcubated for four hours in 
100 yl medium containing 1 mM each of L- lysme and L-phenylalanme (Calbio-
chem, San Diego, C A ) . The lobes were homogenized in 500 μΙ ice cold 0.1 N 
HCl and the supernatant was submitted to high performance l iquid chromatog­
raphy ( H P L C ) . Chase media were acidif ied w i t h 500 μΙ 0.1 N HCl p r i o r to 
HPLC analysis. HPLC pept ide separation was performed using a s p h e n s o r b 10 
ODS column wi th 0.14 M p y r i d i n e - 0 . 5 M formic acid (pH 3 0) as the pr imary 
solvent (A) and 1-propanol as secondary solvent ( B ) . A f low rate of 2 ml/mm 
was used; 0.5 mm fract ions were collected and 4 ml of scint i l lat ion f l u i d 
(Packard sc int i l la tor 199) was added to each f r a c t i o n . Radioactivity in each 
f r a c t i o n was determined m a l iqu id scint i l lat ion counter . 
In vitro superfusion experiments 
Neuromtermediate lobes from black-adapted animals were dissected, r insed in 
incubation medium (112 mM NaCI, 2 mM KCl, 2 mM C a C k , 15 mM Hepes, pH 
7.38, 0 . 3 mg/ml BSA, 2 mg/ml glucose) that was aerated with carbogen 
(02:CO2 950o:50o) and each lobe was placed on a f i l t e r m a 10 μΙ superfusion 
chamber, which m t u r n was placed m a 22C w a t e r b a t h . Medium was p e r i -
fused t h r o u g h the chamber, using a m.ultichannel per ista l t ic pump at a rate of 
1 5 m l / h . Chamber plus t u b i n g had a total volume of approximately 30 μΙ. The 
system had the capacity to r u n 4 superfusion chambers simultaneously. Frac-
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t ions f rom each chamber were collected at 7 5 mm intervals and they were 
either kept at -20C, or immediately analyzed by radioimmunoassay The f o l ­
lowing secretagogues were administered d u r i n g superfusion experiments 
dopamine (Sigma) and its D-2 receptor agonists LY-171555 ( k i n d l y p r o v i d e d 
by Li l ly Corporate C e n t r e ) , apomorphme (Sigma), NPA (Sigma) and N-0437 
(Dr H o r n , Dept of Pharmacology, Gron ingen, The Nether lands) , the D-2 
receptor antagonists halopendol (Janssen Pharmaceuticals, Belg ium), 
YM-09151-2 ( k i n d l y prov ided by Yamanouchi Pharmaceutical Co , J a p a n ) , dom-
peridon (Janssen Pharmaceuticals) and su lp i r ide (Delagrange), the dopamine 
antagonist pimozide, the dopamine D-1 receptor agonist SKF38393 ( k i n d l y p r o ­
vided by Smith Kline and French Co ) and its antagonist SCH23390 ( k i n d l y 
provided by Scheering Co ), and the α-adrenergic receptor antagonist p h e n -
tolamme (Ciba) The administrat ion protocols are given in the results 
a-MSH radioimmunoassay 
MSH concentrations were measured using a radioimmunoassay f o r a-MSH The 
MSH antiserum was produced and characterized by V a u d r y et al (27) It has 
equal a f f i n i t y to des-acetyl-a-MSH and a-MSH Separation of bound and 
unbound radioact iv i ty was accomplished ei ther by use of a second a n t i b o d y , 
or by precip i tat ion w i t h polyethyleneglycol Sensi t iv i ty of the assay was 5 
pg Each superfusion f r a c t i o n was measured m dupl icate 
In vivo experiments 
Effects of dopamine and apomorphme on the pigment dispersion in dermal 
melanophores were measured fol lowing intraper i toneal injection of these subs­
tances into b l a c k - b a c k g r o u n d adapted Xenopus These substances were d i s ­
solved m 100 μΙ Ringer's solution and control animals were injected wi th an 
equal volume of Ringer's medium The melanophore index was determined 
every 30 minutes f o r 1 5 hours after injection Addit ional in vivo experiments 
were conducted w i t h dopamine receptor antagonists, given alone or in combi­
nation wi th dopamine and apomorphme Final ly, the dopamine receptor antago­
nists ha lopendol , s u l p i r i d e , metaclopramide (Janssen Pharmaceuticals) and 
dompendon were injected into white background adapted animals All concen­
trat ions used and experimental protocols are given in the results Differences 
m melanophore indices were examined f o r s ignif icance wi th the Mann-Whitney 
U test 
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Fig 1 Compar ison of t h e b i o s y n t h e s i s a n d release of POMC-related pept ides 
m n e u r o i n t e r m e d i a t e lobes of Xenopus taevis w h i c h w e r e f r e s h l y d issected 
( c o n t r o l lobes) o r had u n d e r g o n e 6 h of s u p e r f u s i o n p r i o r t o b i o s y n t h e t i c 
analys is ( s u p e r f u s e d lobes) For b i o s y n t h e t i c ana lys is lobes w e r e p u l s e -
3 3 
i n c u b a t e d f o r 2 h in medium c o n t a i n i n g [ H j l y s m e a n d [ H j p h e n y l a l a n i n e , f o l ­
lowed b y a 2-h c h a s e - i n c u b a t i o n Lobe e x t r a c t s and media were s u b m i t t e d t o 
HPLC f o r s e p a r a t i o n of t h e newly s y n t h e s i z e d r a d i o a c t i v e p e p t i d e s Peaks 
r e p r e s e n t I c o - e l u t i n g p e p t i d e s I ^ - M S H - l i k e p e p t i d e and 0-MSH , I I des-
acety l-a-MSH , IV c o - e l u t i n g p e p t i d e s a-MSH and CLIP 1 , V CLIP 2; V I 
u n d e t e r m i n e d , V I I and V I I I e n d o r p h i n 1 and 2, IX , X , u n d e t e r m i n e d , X I t h e 
p r o h o r m o n e p r o - o p i o m e l a n o c o r t i n 
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RESULTS 
A. Viability of the tissue during superfusion 
The u l t ras t ruc tu ra l features of superfused t i ssue, showing cells w i th a well 
developed endoplasmatic ret iculum and a large number of secretory granu les , 
compared favourab ly wi th the s t ruc tu re of f resh ly dissected t issue (data not 
shown). The HPLC prof i le of radioactive peptides synthesized by superfused 
lobes was essential ly identical to that obtained from f resh ly dissected lobes 
( f i g . 1) . These peptides which have been extensive ly character ized elsewhere 
(17, 19) are: I , ïS-MSH-l ike pept ide, ß-MSH ; 11, des-N-a-acety l -a-MSH ; IV, 
a-MSH, CLIP-1 ; V , CLIP-2 ; V I , ident i ty unknown; V I I , e n d o r p h i n - 1 ; V I I I , 
endorph in -2 ; IX, X , ident i ty unknown; X I , proopiomelanocort in. The only 
major d i f ference between superfused and non-super fused ІоЬез concerned the 
rate of release of pept ides, which tended to be h igher from superfused lobes, 
with the exception of product I, the level of which was dramatical ly reduced 
m medium from the superfused lobe. 
B. Effects of dopamine on MSH release 
The rate of release of MSH from an indiv idual neurointermediate lobe d u r i n g a 
superfusion experiment was, in many cases, stable over the 6-h p e r i o d . 
There was, however, var iat ion in the absolute levels of MSH released per 7.5 
mm f ract ion by d i f f e r e n t neurointermediate lobes. Var iat ion between i n d i v i d ­
ual lobes w i t h i n an experiment precluded the averaging of absolute MSH va l­
ues. In o r d e r to combine results from ind iv idua l lobes wi th in an experiment 
we adopted a method whereby the amount of MSH released by a lobe to each 
superfusion f ract ion was expressed as a percentage of basal level. Basal level 
was def ined from the level of MSH release d u r i n g the three f ract ions before 
addit ion of the f i r s t secretagogue or from t h r e e f ract ions between the f i r s t 
and second secretagogue pulse. The percent basal level values of MSH secre­
tion were then averaged. In each case where th is procedure was followed the 
absolute value of basal release f o r the ind iv idua l lobes w i t h i n the experiment 
are given in the caption of the f i g u r e . 
An addit ional problem encountered was that some lobes gave a p r o g r e s ­
sive decline m the amount of MSH released (dec l in ing base- l ine). T h e r e f o r e , 
in the case of d i f f e r e n t base-line slopes w i t h i n an experiment we were unable 
to average all data m one f i g u r e . All experiments given involved superfusion 
of at least f o u r independent neurointermediate lobes. A p a r t from slope d i f f e r ­
ences, the results obtained in each experiment were f u l l y consistent w i t h the 
data presented in the f i g u r e s . 
The superfus ion p r o f i l e of MSH release in an experiment where t h r e e 
15-min pulses of dopamine were administered is shown in f i g u r e 2a. Each 
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dopamine pulse caused a rapid decline m the amount of MSH released to the 
supepfusion medium. The degree of inhibi t ion of MSH-release achieved by each 
pulse of dopamine was approximately the same a n d , fol lowing each treatment, 
the release of MSH r e t u r n e d v e r y rapid ly to the u n i n h i b i t e d basal level of 
release (ΙΟΟ^ basal release). Figure 2b presents a dose-response curve f o r 
dopamine-induced inh ib i t ion of MSH release, obtained from a number of super-
fusion exper iments. Dopamine inhibi ts the secretion of MSH in a dose-
-8 5 
dependent manner, concentrat ions ranging from 10 M - 10 M, with a l i n ­
ear correlat ion between the log of dopamine concentrat ion and the % inhibi t ion 
of basal MSH secretion ( c o r r . coef.. 0.988). 
10 15 20 25 30 35 ¿,0 45 
fraction no. 
10-
F>g 
10-6 
dopamine 
2. Dopamine induced dose-dependent inhibition of basal MSH secretion 
IO"' 
(M) 
during In vitro superfusion of neuromtermediate lobes from Xenopus taevis 
(a) Dopamine 3x10 M was added during three 15-min periods, as indicated 
m the f igure. Graph represents the average of two lobes. lOOo Values of 
basal MSH secretion/7 5-min fraction were resp. 324 pg, 300 pg. Bars repre-
sent -SEM. (b) Dose-response relationship for dopamine-induced inhibition of 
basal MSH release. % Inhibition for each concentration was calculated as fo l -
lows. Dopamine was added during 15-min periods as illustrated in la . As 
100% value the average va+ue of the three 7.5-min fractions before secreta-
gogue addition were taken о Inhibition in comparison to this 100% level was 
determined from the level of MSH release during the second 7 5 mm of dopa­
mine addition. Bars represent -SEM. Number of experiments is given for each 
concentration tested 
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Fig. 3 . Inhibition of MSH secretion from superfused neurointermediate lobes ot 
Xenopus laevis by dopamine ( a ) or D-2 receptor agonists apomorphine ( b ) and 
LY-171555 ( c ) , and tests of antagonism of t h e i r effect by D-2 receptor a n t a g ­
onists sulpir ide, YM-09152-2, dompendon and halopendol. T h e protocol of 
each experiment was v e r y similar. A 15-min dopamine or agonist pulse ( c o n ­
centrations are given in t h e f i g u r e ) was followed by a 45-60 mm recovery 
period following which the receptor antagonists were administered. D u r i n g the 
antagonist administration a second 15-min pulse of dopamine or D-2 receptor 
agonist was g i v e n . I d e n t i t y of the antagonists and the exact periods of 
administration are given m the f i g u r e At 5 h superfusion time an additional 
pulse of agonist was always given to control t h a t desensitization had not 
oLcured (results not shown). Each g r a p h represents the average of 2, 3 or 
4 lobes and the results are expressed as % basal level of MSH release ( - S E M ) . 
T h e values f o r 100% basal MSH release ( p g / 1 5-min fract ion) in each lobe 
were a) dopamine • sulpir ide' 410, 3 7 7 , 4 0 9 , dopamine • YM-09151-2· 730, 
333, dopamine * dompendon 746, 392; dopamine * halopendol' 75, 196, 143, 
104, b ) Apomorphine • sulpir ide. 445, 718; Apomorphine • YM-09151-2 157, 
6 6 ; Apomorphine * dompendon 490, 637, Apomorphine * halopendol' 253, 
553, 1 6 1 , 168; c) LY-171555 * sulpiride 880, 405, LY-171555 • YM-09151-2. 
279, 785; LY-171555 * dompendon- 9 6 , 572, LY-171555 • halopendol. 344, 
678, 1036. 
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С. Dopamine receptor analysis 
Figure 3 shows the inh ib i t ion of MSH release by dopamine (a) and the D-2 
receptor agonists apomorphine (b) and LY-171555 (c) Apomorphine was at 
least ten times more potent than dopamine and gave a f u l l inhibit ion of secre­
t ion at a concentrat ion of 10 M Also, LY-171555 showed higher potency 
than dopamine w i t h f u l l inh ib i t ion of release at 5x10 M Both the i n h i b i t o r y 
ef fect of apomorphine and LY-171555 were clearly less reversible than that 
shown f o r dopamine Also the dopamine receptor agonist NPA gave fu l l inh ib-
i t ion of MSH secretion at 10 M This reaction was i rreversible d u r i n g our 
in vitro superfusion experiment (resul ts not shown) The dopamine D-2 
-8 -7 
receptor agonist N-4037 was without effect at concentrations of 10 , 10 , 
-6 10 M (resul ts not shown) 
Inhib i t ion of MSH release by dopamine could only be antagonized by sul­
p i r i d e (10 M) and not by the other D-2 receptor antagonists YM-09151-2, 
dompendon and halopendol The inhibi t ion by both LY-171555 and apomor­
phine could be easily reversed by halopendol and sulpir ide Moreover, the 
inh ib i t ion by apomorphme was completely blocked by dompendon, and th is 
antagonist was also quite effective in blocking the LY-171555 induced inhib­
it ion of hormone release ( f i g 3) The D-2 receptor antagonist YM-09151-2 was 
unable to block either apomorphme or LY-171555 Administrat ion of the recep­
t o r antagonists alone did usually not affect basal MSH secretion, although 
occasionally an increase of MSH release was noted after administration of the 
antagonists sulpir ide and dompendon 
The α-adrenergic receptor antagonist phentolamme (10 M) could not 
antagonize the effect of dopamine, but was able to largely reverse the effects 
of both apomorphine and LY-171555 ( f i g 4a) The inhibit ion of MSH release 
induced by the neurotransmitter adrenaline was blocked by the dopamine 
receptor antagonists dompendon, Haloperidol and sulp i r ide ( f i g 4b) 
The dopamine D-1 receptor agonist SKF38393 had a v e r y sl ight inh ib i tory 
-6 -5 
effect at 10 M ( f i g 5a) At 2x10 M this product clearly inhibited release 
( f i g 5c) Sulpir ide, however, was extremely effect ive in blocking the i n h i b i ­
t o r y effect of SKF38393 on MSH release ( f i g 5b) The dopamine D-1 receptor 
antagonist SCH23390 proved to have no effect on dopamme-mduced inhibit ion 
of MSH secretion ( f i g . 5c) 
D. In vivo effects of dopamine receptor agonists and antagonists 
Both dopamine and apomorphme, injected mtrapentoneal ly into a black-
adapted Xenopus, caused a rapid decrease in melanophore index. These 
effects were dose-dependent ( f i g 6 a , b ) . As m the in vitro experiments, apo­
morphme appeared to be more potent than dopamine. Neither dopamine, nor 
apomorphme injection resulted in a complete whitening of the animal. The 
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Fig 4 (a) Effects of the a-adrenergic receptor antagonist phentolamine on 
the inhibition of basal in vitro MSH secretion which was induced by dopamine 
or the D-2 receptor agonists apomorphine and LY-171555 (b) Effects of the 
dopamine D-2 receptor antagonists dompendon, halopendol and sulpiride on 
the inhibition of basal in vitro MSH release which was induced by adrenaline 
The protocol followed was identical to that described in fig 3 Times of 
secretagogue administration and concentrations used are given in the figure 
The values for 100% basal MSH release (pg/7 5-min fraction) in each experi­
ment were a) dopamine • phentolamine 452, 157 (10 M halopendol present 
during phentolamine administration), a pomo pune • phentolamine 363, 450, 
275, 266, LY-171555 » phentolamine 618, 610, b) adrenaline * dompendon 
657, 967, adrenaline * halopendol 705, 598, adrenaline * sulpiride 390, 69 
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Fig 5. ( a ) Effect of D-l receptor agonist SKF38393 on basal MSH secretion 
from superfused neurointermediate lobes of Xenopus laevis. SKF38393 was 
administered d u r i n g two 15-min periods of superfusion m a concentration of 
10 M and 10 M Figure represents t h e average of 4 individual neuroin­
termediate lobes with 100% basal levels of MSH release of 920 p g , 1052 p g , 
1516 p g , 1540 pg/7 5-min fraction Bars represent -SEM. ( b ) Lack of anta­
gonistic effect of t h e D-l receptor antagonist SCH23390 on the dopamme-
induced inhibition of MSH secretion from superfused neurointermediate lobes 
-6 
of Xenopus laevis. Dopamine (2x10 M) was administered d u r i n g two 15-min 
periods of superfusion as indicated in the f i g u r e ' SCH23390 (10 M) was 
present d u r i n g the second period Figure represents t h e average of 4 indi­
vidual neurointermediate lobes. 100% Basal levels of MSH secretion/?.5-miη 
fraction were 836 p g , 1700 p g , 1140 p g , 1104 p g . Bars represent -SEM. ( с ) 
Antagonism of sulpir ide on the SKF38393 induced inhibition of MSH secretion 
d u r i n g superfusion of Xenopus laevis neurointermediate lobes. SKF38393 
(2x10 M) was administered during two 15-min periods of superfusion as 
indicated in t h e f i g u r e Sulpir ide (5x10 M) was present d u r i n g the second 
p e r i o d . F igure represents the average of 2 individual neurointermediate lobes. 
100% Basal levels of MSH release/7 5-min fractions w e r e sulpir ide 1228 pg and 
1224 pg Bars represent -SEM. 
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apomorphine-induced reaction could be p r e v e n t e d by Haloperidol, which was 
injected 45 minutes before the apomorphine was administered ( f i g . 6 c ) . Injec-
t ion of 2.7 χ 10 to 2.7 χ 10 moles haloperidol/g body weight was ef fect ive 
in th is r e g a r d , whi le 2.7 χ 10" moles/g body weight showed only a s l i g h t 
ef fect , and lower concentrations were i n e f f e c t i v e . The dopamine-induced p i g ­
ment aggregation in dermal melanophores could not be blocked by Haloperidol 
( f i g . 6 c ) . Indeed, pretreatment wi th Haloperidol seemed to even potentiate the 
dopamine induced aggregation of pigment. The reason f o r th is is not u n d e r ­
stood. While su lp i r ide d id not completely block the dopamine effect ( f i g . 6 c ) , 
i t was clear ly able to h inder the -pigment aggregation caused by dopamine 
injection (melanophore index of the sulpir ide/dopamine treated g r o u p was s i g ­
n i f icant ly greater than the index of the dopamine treated g r o u p , ρ < 0 . 0 5 ) . 
When white-adapted animals were injected w i t h e i ther su lp i r ide or Haloperidol, 
only minor increases in melanophore indices could be observed ( f i g . 6 d ) . Sim­
ilar results were obtained using two other dopamine D-2 receptor antagonists, 
metaclopramide and domperidon ( f i g . 6 d ) . 
Fig. 6. (a) Effect of intraperitoneal injection of apomorphine on the melano­
phore index of dermal melanophores of Ыаск-background adapted Xenopus 
laevls. Concentrations of apomorphine injected per gram body weight are giv­
en in the figure«. The control group of animals were injected with Ringer's 
solution. Melanophore indices were recorded immediately following injection and 
at 30 mm intervals thereafter. Each group consisted of four animals and the 
average melanophore index at each time period is given. * Indicates those 
melanophore indices which differ significantly (p < 0.05) from the t=0 record­
ing within each treatment group, (b) Effects of intraperitoneal injection of 
dopamine on the melanophore index of dermal melanophores. Experimental pro­
cedure was identical to that described above, (c) Effects of dopamine recep­
tor agonists on apomorphine-induced pigment aggregation and dopamine-
induced pigment aggregation The concentrations injected per gram body 
weight are indicated in the figure. Antagonists were injected 45 mm before 
the apomorphine or dopamine injection. Melanophore indices were recorded 
immediately after each injection and at 30-min intervals after the dopamine or 
apomorphine injection. Each group consisted of four animals. * Indicates 
those melanophore indices which differ significantly (p < 0.05) from the t^O 
recording within each treatment group. (d) Effect of dopamine receptor 
antagonists on the melanophore index of dermal melanophores of white-
background adapted Xenopus laevls. The control group of animals were inject­
ed with saline; the concentration of haloperidol sulpiride, domperidon and 
metaclopramide injected per gram body weight are given m the figure. Each 
group consisted of three animals and the average melanophore index immedi­
ately following injection and at 30-min time intervals thereafter are given. * 
Indicates those melanophore indices which differ significantly (p < 0.05) from 
the t=0 recording within each group. 
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The ¡η vivo experiments were also performed using stage 55-56 larvae of 
Xenopus laevis (staged according to the c r i t e r i a of Nieuwkoop and Faber 
( 2 2 ) ) . The pharmacological agents were administerd by addit ion to t he ambient 
water. The larvae showed the same responses to the dopamine receptor ago­
nists and antagonists as were noted f o r the adul t ( resu l ts not shown). 
DISCUSSION 
The biosynthet ic studies revealed t h a t , fo l lowing six hours of s u p e r f u -
sion, neurointermediate lobes retained t h e i r capacity to synthesize POMC. 
Also, processing of the prohormone d i d not appear to be drast ical ly altered 
by the in vitro t reatment. The t r e n d f o r a h igher rate of release of newly 
synthesized radioactive peptides from the superfused lobes, in comparison to 
that found f o r neurointermediate lobes that were pulse-chase incubated imme­
diately fol lowing dissect ion, might indicate a s l ight activat ion of the secretory 
process d u r i n g the 6 hours of s u p e r f u s i o n , which leads to an accelerated 
mobilization of newly synthesized peptides to the secretory compartment. It is 
not clear why p r o d u c t I, which represents newly synthesized Ï-MSH and 
ß-MSH, was apparent ly exempt from th is phenomenon. From the biosynthet ic 
s tudy and the accompanying electron microscopical evaluation we conclude that 
the t issue remains viable th roughout the 6-h superfusion per iod. It was ev i -
dent from our analysis of the release of MSH from indiv idual superfused lobes 
that there is a var iat ion in the amount of MSH released between d i f fe ren t 
lobes. We could f i nd no clear correlat ion between animal size and the level of 
MSH release displayed by indiv idual lobes. Possibly the var iat ions found 
reflect in t r ins ic di f ferences wi th in our populat ion of toads. 
It has been established that many l igand- target cell interact ions are 
accompanied by a desensit ization of the t issue to the l igand (down-
regu la t ion) . Our results clearly show tha t , under the condit ions of our 
superfusion exper iments, there is no desensit ization of the pars intermedia to 
the inh ib i to ry effect of exogenous dopamine. The ef fect ive concentrat ion range 
of dopamine in inducing inhib i t ion of MSH release is similar to that reported 
fo r another species of amphibian (1) and also compares favourably to that 
reported in the rat (20) . In our opinion the dose-response relat ionship we 
have established for Xenopus laevis is w i th in the range to consider it to be of 
physiological relevance. 
The classif ication of dopamine receptors has been based largely on s tud -
ies of mammalian neuronal systems, using dopamine receptor agonists and 
antagonists (24, 14, 23) . To what extent the s t ruc tu re and character ist ics of 
dopamine receptors have been maintained du r i ng the course of evolut ion 
remains to be determined. It has been shown tha t , in at least one case, 
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i n v e r t e b r a t e dopamine receptors might not have identical agonist/antagonist 
b i n d i n g character ist ics to t h a t reported f o r mammalian dopamine receptors 
(25) Our data suggest the presence m Xenopus of receptors f o r dopamine 
which display both analogies and discrepancies w i t h those described in mam­
mals First i t would appear t h a t the receptor involved is not only a dopamine 
receptor, b u t displays high s e n s i t i v i t y to all catecholamines This is conclud­
ed from our ear l ier f i n d i n g t h a t both adrenaline and noradrenaline give f u l l 
inh ib i t ion of MSH release at t e n - f o l d lower concentrat ions than dopamine (29) 
and t h a t t h i s ef fect is f u l l y antagonized by s u l p i r i d e , whi le phentolamme 
p r o v e d to be a poor antagonist (see also Table 1) Moreover, the effect of 
adrenal ine was easily antagonized by D-2 antagonists halopendol and domperi-
don The Xenopus catecholamine receptor system clearly shows more analogy 
to a classical D-2 t y p e of receptor than to the D-1 t y p e D-1 analogy is 
improbable due to the fact t h a t the dopamine D-1 agonist SKF38393 was at 
least TOO times less potent than apomorphme in inducing inhibi t ion of MSH 
release, and s u l p i r i d e was able to f u l l y antagonize th is i n h i b i t i o n . Moreover 
the dopamine D-1 receptor antagonist SCH23390 had no effect on dopamme-
induced inhib i t ion of secretion In analogy wi th classical D-2 receptors, apo­
morphme and LY-171555 proved to be ef fect ive agonists, while t h e i r effect 
could be antagonized by the D-2 receptor antagonists s u l p i r i d e , dompendon 
and halopendol In s t r i k i n g contrast to the mammalian D-2 receptors are the 
observed lack of antagonist ic effect of YM-09151-2 and the lack of agonistic 
effect of N-0437, both of which are reported to be h i g h l y ef fect ive and selec­
t i v e f o r mammalian D-2 receptors (9, 24) 
T a b l e I Summary of t h e response of catecholamines and D-2 r e c e p t o r agonists 
t o dopamine D 2 r e c e p t o r a n t a g o n i s t s and t o p h e n t o l a m m e 
A g o n i s t s S u l p i r i d e YM-09152-2 Dompendon H a l o p e r i d o l P h e n t o l -
amlne* 
Dopamine + -
A d r e n a l i n e + π d + + */-
N o r a d r e n a l i n e + n d n d n d 
Apomorphme + - + + +/-
LY-171555 + - + + + / -
Symbols * = complete a n t a g o n i s m of i n h i b i t o r y e f f e c t of s e c r e t a g o g u e , •/- = 
p a r t i a l a n t a g o n i s m of i n h i b i t o r y e f f e c t of s e c r e t a g o g u e , - = no d e t e c t a b l e 
a n t a g o n i s m of s e c r e t a g o g u e , η d = not d e t e r m i n e d * T h e v e r y weak antago­
nism of p h e n t o l a m m e on a d r e n a l i n e is p u b l i s h e d elsewhere (30) 
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The presence of a catecholamine receptor , r a t h e r than a classical D-2 
receptor, does not g ive a f u l l explanation f o r our r e s u l t s . It does not, f o r 
example, explain why the dopamine-induced inh ib i t ion of MSH release could 
not be antagonized by haloperidol and domperidon, both of which were able to 
antagonize the effect of the D-2 agonists apomorphine and LY-171555. It also 
of fers no explanation f o r the observation that the α-receptor antagonist p h e n -
t o l a m i n e . h a d l i t t le or no effect on adrenal ine- and noradrenal ine- induced 
i n h i b i t i o n , b u t was qu i te effect ive in antagonizing apomorphine and 
LY-171555. A l t o g e t h e r , the above results indicate that t he Xenopus receptors 
f o r dopamine do not d isplay identical character ist ics to t h e i r mammalian count­
e r p a r t s . The results suggest the involvement of mult iple receptors or receptor 
sites which d i f f e r in t h e i r response to the var ious agonists and antagonists. 
A t h o r o u g h character izat ion of the amphibian catecholamine receptor system 
wil l be requi red before a reliable model can be proposed. In view of the high 
potency of adrenal ine and noradrenaline to i n h i b i t hormone secretion from the 
intermediate lobe, the possib i l i ty should be considered t h a t these n e u r o t r a n ­
smit ters, and not dopamine i tsel f , could be the natural l igand f o r phys io logi­
cal regulat ion of hormone secretion from the Xenopus neurointermediate lobe. 
Immunocytochemical studies wi th specific antisera against dopamine wil l have 
to reveal the nature of the catecholaminergic innervat ion in the n e u r o i n -
termediate lobe. 
While one cannot ru le out centra l ly mediated effects in assessing the 
results of ¡n vivo exper iments, the results of our in vivo injections are none-
theless completely consistent wi th those found in vitro. This s t rong ly sug -
gests that the effects of injected dopamine receptor agonists and antagonists 
are mediated at the level of the pars intermedia. As expected, apomorphine 
administrat ion caused a blanching of b lack-adapted animals and th is effect 
could be blocked by haloper idol . This antagonist fai led to block the blanching 
effect of in vivo administered dopamine. Blockage wi th su lp i r ide d i d , how-
ever , antagonize the effect of both exogenous dopamine and apomorphine. 
In te res t ing ly , su lp i r i de , even at high concentrat ions, caused only a s l ight 
darkening of whi te adapted animals. Thus , complete blockage of the catechola-
mine receptor system fai led to eliminate the phys io log ica l ly - induced inhib i t ion 
of MSH secret ion. These results s t rong ly suggest tha t , besides the receptor 
system descr ibed in the present s t udy , there must also be a non-
catecholaminergic system involved in the physiological regulat ion of the pars 
intermedia in Xenopus laevis. In th is regard it is wor th mentioning that we 
have recent ly reported the l ikely involvement of a GABAergic system fo r i n h i -
b i to ry regulat ion of the pars intermedia (30, 31 ) . 
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Chapter 4 
REGULATION OF MELANOTROPIN RELEASE FROM THE PARS INTERMEDIA 
OF THE AMPHIBIAN XENOPUS LAEVIS; EVALUATION OF THE INVOLVEMENT 
OF SEROTONERGIC, CHOLINERGIC, OR ADRENERGIC RECEPTOR 
MECHANISMS 
Сел. Сотр. Endocrinol. 63: 471-481 (19861. 
55 
ABSTRACT 
Melanophore-st imulatmg hormone (MSH) release from the pars intermedia 
of th e p i t u i t a r y gland is probably regulated by mult iple factors of h y p o t h ­
alamic o r i g i n . We have examined a number of potential regulatory factors f o r 
t h e i r effects on MSH release from the amphibian Xenopus laevis. Serotonin 
and acetylchol ine have no effect on MSH release. Both adrenaline and nora­
drenal ine i n h i b i t release of MSH in a dose-dependent manner Studies wi th 
specif ic receptor agonists and antagonists reveal that these neurotransmitters 
e x e r t t h e i r in vitro effects pr imar i ly t h r o u g h a dopamine D-2 receptor, 
a l though an α-adrenergic receptor could not be excluded We f u r t h e r con­
clude that the pars intermedia of Xenopus laevis lacks a ß-adrenergic receptor 
fo r the regulat ion of MSH secretion from the pars intermedia In mammals, 
th is receptor activates the adenylate cyclase system Our studies reveal that 
despite the lack of ß-adrenergic receptors, cycl ic-AMP is l ikely an int racel lu-
lar factor involved in the stimulation of MSH release 
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INTRODUCTION 
Melanophore-st imulatmg hormone (MSH), released from the pars interme-
dia of the p i tu i ta ry g land , controls pigment dispersion in dermal melanophores 
du r i ng background adaptation of amphibians. The release of th is hormone is 
regulated by factors of hypothalamic or ig in which are thought to be released 
from nerves terminat ing in the neuromtermediate lobe. Hypothalamic regulat ion 
is believed to be mainly i nh ib i t o ry . Dopamine is thought to be a ve ry impor-
tant neurotransmit ter in th is regard (Davis et al., 1978; Jenks, 1977; Ter lou 
et ai, 1974; V e r b u r g - v a n Kemenade et ai., 1986) and m at least one amphibi-
an species (Ve rbu rg -van Kemenade et ai., 1986), the neurotransmit ter GABA 
is l ikely involved Other classical neurotransmit ters have also been implicated 
m the regulat ion of melanotropm release. The mdolamme serotonin has been 
reported to stimulate release from melanotropes of lower vertebrates (Thorn ton 
et ai , 1975) and a chol inergic mechanism has been suggested for stimulation 
of the pars intermedia of an amphibian species (Hadley et al., 1976; Diers t -
Davis et ai., 1966). In mammals, a ¡5-adrenergic mechanism fo r stimulation of 
melanotropm secretion is well established (Cote et al , 1980; Ti lders et ai., 
1981) Stimulation of th is ß-receptor activates the adenylate cyclase system, 
thus increasing in t racel lu lar levels of cAMP which leads to elevated release of 
MSH (Cote et al., 1980; Munemura et al., 1980). For amphibians, the in i t ia l 
indication of ß-adrenergic stimulation of MSH secretion from Rana pipiens 
(Bower et al., 1974), has recent ly been extended to a second amphibian spec-
ies, Rana rldlbunda (Tonon et al., 1983). In the aquatic toad Xenopus laevis, 
the ß-adrenergic receptor agonist isoproterenol has been reported to inh ib i t 
the release of MSH and other peptides der ived f rom the common prohormone 
pro-opiomelanocortm (Loh et al., 1977). Th is observat ion appears to be m 
agreement wi th a repor t that cAMP inhib i ts MSH release m th is species (Loh 
et al., 1981), a l though it has earl ier been reported that cAMP is extremely 
potent m st imulat ing release of MSH f rom Xenopus neuromtermediate lobes 
(Jenks, 1977) In addit ion to the ß-adrenergic receptor, the presence of 
α-adrenergic receptors on melanotropes of both an amphibian (Bower et a'., 
1974) and a mammalian species (Jackson et al., 1983) have been proposed. In 
both cases th is receptor is reported to be involved m inhib i t ion of MSH 
release. We have undertaken a study to evaluate the possible involvement of 
various neurotransmit ters in the control of MSH release from the pars 
intermedia of Xenopus laevis. This s t u d y was accomplished t h r o u g h the anal­
ysis of release of immunoreactive melanotropm from superfused neuromtermed­
iate lobes. By using specif ic receptor agonists and antagonists, an attempt 
was made to character ize the receptor mechanisms i n v o l v e d . As the phys io log­
ical state of the animal ( i . e . whi te- or b l a c k - b a c k g r o u n d adapted) may have 
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some inf luence on melanotrope s e n s i t i v i t y to secretagogues, we tested each 
potential secretagogue on neurointermediate lobes of both white- and black-
b a c k g r o u n d adapted animals. 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were b r e d and reared in o u r aquatic f a c i l i t y . Animals were 
adapted to black or white background in black or white containers under con­
stant i l lumination at 22'C. Degree of pigment dispersion in dermal melano-
phores was determined by measurement of the melanophore index according 
to Hogben and Slome (1931). 
In vitro superfusion experiments 
Details concerning our method of superfusion of neurointermediate lobes is 
g iven elsewhere ( V e r b u r g - v a n Kemenade, 1986). B r i e f l y , superfusion was 
performed using small per i fus ion chambers (10 μ Ι ) , each chamber containing 
an indiv idual lobe. The incubation medium contained: 112 mM NaCI, 2 mM K C l , 
2 mM C a C I 2 , 15 mM Hepes, pH 7.38, 0.3 mg/ml BSA, 2 mg/ml glucose. Medi­
um was pumped t h r o u g h each chamber (1.5 m l / h r ) and fract ions of 7.5 min 
were col lected. Fractions were stored frozen (-20 0 C) before submit t ing them 
to radioimmunoassay f o r MSH determinat ions. As described earl ier ( V e r b u r g -
van Kemenade, 1986), w i t h i n an experiment the results of those lobes showing 
similar base-l ine patterns of release were g r o u p e d , percent basal release was 
calculated f o r each lobe wi th in the g r o u p and these values were then aver­
aged. N e u r o t r a n s m i t t e r s , or t h e i r specific agonists or antagonists were admin­
istered at various time periods d u r i n g the s u p e r f u s i o n . The fol lowing p r o d ­
ucts were tested e i ther ind iv idual ly or in various combinations: the 
neurotransmit ters serotonin, acetylchol ine, adrenal ine and noradrenal ine; the 
o-adrenergic receptor agonist phenylephr ine and its antagonist phentolamine, 
the ß-adrenergic receptor agonist isoproterenol and its antagonist propranolo l ; 
the dopamine D-2 receptor antagonist su lp i r ide (all purchased from Sigma). 
Several experiments were conducted using the cycl ic-AMP analogue 8-bromo 
adenosine 3' ,5 '-monophosphate (8 -Br cAMP, Sigma). 
Radioimmunoassay 
The MSH concentrat ion in the ef f luent was quant i f ied by radioimmunoassay, 
using an ant iserum produced and character ized by Vaudry et al. (1978). I t 
shows equal c rossreact iv i ty to des-acetyl-aMSH and o-MSH. Immunobound and 
unbound radioact ive MSH were separated by precip i tat ion wi th polyethylene 
g lyco l . Synthet ic α-MSH (Sigma) was used as a s t a n d a r d . All samples were 
measured in dupl icate. 
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RESULTS 
Effects of serotonin and acetylcholine 
-9 -5 
Serotonin in concentrat ions ranging from 10 - 10 M was unable to alter 
basal MSH secretion in lobes from black- or white-adapted animals. F igure l b 
8 -6 -5 
shows the results from superfusion experiments whereby 10 , 10 and 10 
M of serotonin were t e s t e d . Similar ly, basal secretion was unaffected by ace-
-9 -5 
ty lchol ine in concentrat ions ranging from 10 - 10 M ( F i g . l a ) . 
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Fig 1 Effects of acetylcholine (a) and serotonin (b) on MSH secretion from 
superfused neuromtermediate lobes of black-background adapted Xenopus fae-
vis In each experiment 7 5-min superfusion fractions were collected, secre-
tagogues were given during three 15-min periods at the concentrations indi­
cated in the figure Acetylcholine results show the mean of four individual 
experiments where 100% basal release for each lobe was 716, 880, 864 and 652 
pg MSH/fraction Serotonin results show the mean of two individual experi­
ments where 100% basal release for each lobe was 548 and 1160 pg MSH/ 
fraction Bars represent -SEM. 
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Fig 2 Effects of noradrenaline, adrenaline, and receptor antagonists (pro-
pranolol, B-adrenergic receptor antagonist phentolamine, «-adrenergic receptor 
antagonist sulpir ide, dopamine D-2 receptor antagonist) on MSH secretion 
from superfused neurointermediate lobes of black-background adapted Xenopus 
laevis In each experiment noradrenaline or adrenaline was given during three 
15 mm periods, administration of receptor antagonist was started several f rac-
tions before the second pulse of noradrenaline or adrenaline and continued for 
several fractions after this pulse, as indicated in the f igure All graphs rep-
resent the mean of 2 to 4 experiments and the bars represent -SEM Basal 
levels of release for the individual lobes within each experiment were nora-
drenal ine, 1344 and 3060 pg MSH/f ract ion, noradrenal ine/propranolol , 770 and 
1888 pg MSH/ f ract ion, nòradrenaline/phentolamme, 1464, 1756, 2120 and 2948 
pg MSH/ f ract ion, adrenalme/phentolamme, 1000, 1512 and 756 pg MSH/ 
fraction noradrenal ine/sulpir ide, 1552, 2360, 2928 and 1640 pg MSH/fract ion, 
adrenal ine /sulp inde, 276 and 1560 pg MSH/fract ion 
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Involvement of a-adrenergìc and ^-adrenergic receptor mechanisms 
The two neurotransmit ters adrenaline and noradrenal ine both exh ib i ted a 
dose-dependent inh ib i to ry effect on secretion of immunoassayable o-MSH (F ig . 
2a and Table 1) . 
Table I . Dose-response relationship for the inhibition of MSH secretion from 
superfused neuromtermediate lobes of Xenopus laevis by adrenaline and nora-
drenaline and by the adrenergic receptor agonists isoproterenol (p-receptor) 
and phenylephrine (a - recep tor ) . 
% inh ib i t ion of MSH secretion 
10"9 M l u " 8 M IO"7 M IO"6 M IO" 5 M 
noradrenaline 0 ( 2 ) 0 ( 2 ) 32 + 5.8 ( 5 ) 83 ± 3.3 (20) 100 ± 0 ( 2 ) 
adrenaline 0 (2 ) 0 ( 2 ) 68 ± 5.5 (11 ) 86 ± 2.6 (19 ) 100 ± 1 ( 5 ) 
Isoproterenol 0 ( 2 ) 0 ( 2 ) 0 (3) 28 ± 1.4 ( 2 ) 66 ± 4.4 (23) 
phenylephrine 0 ( 2 ) 0 ( 2 ) 0 (2 ) 0 ( 2 ) 68 ± 3.5 ( 2 ) 
Secretagogues were added during 15-min periods to superfused lobes; 7.5-min 
fractions were collected and the amount of MSH in each fraction determined 
with a radioimmunoassay. Average value of MSH in the three fractions before 
addition of secretagogue was defined as basal level and the decrease in MSH 
value observed for the second 7 5-min fraction of secretagogue addition was 
expresssed as a percent of the basal value. Percent inhibition is given t 
S E M . and the numbers in brackets indicate the number of independent 
determinations for each concentration of secretagogue tested 
Effect ive concentrat ions ranged from 10 - 10 M (Table 1) . The lobes were 
s l ight ly more sensit ive to adrenaline than to noradrenal ine. The inhib i t ion of 
MSH secretion induced by adrenaline or by noradrenal ine, both applied at a 
- fi 
concentrat ion of 10 M, was not affected by the α-adrenergic receptor antag­
onist phentolamine ( F i g . 2 c , d ) nor by the 0-adrenergic receptor antagonist 
propranolol ( F i g . 2 b ) . Both antagonists were tested in concentrat ions up to 
-4 -7 
10 M. When adrenal ine was, however, used in concentrat ions of 10 M, we 
observed a part ia l blockage of the inh ib i t ion by phentolamine (Table 2 ) . The 
-6 -6 
i n h i b i t o r y ef fect on secretion induced by 10 M adrenal ine or 10 M nora­
drenal ine could be blocked by the dopamine D-2 receptor antagonist su lp i r ide 
( F i g . 2 e , f ) . The o-adrenergic agonist p h e n y l e p h r i n e i n h i b i t e d secretion when 
used at h igh concentrat ions of 10 M (Table 1 ) . The inh ib i t ion of MSH secre-
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t ion induced by 2 χ 10 M of pheny lephr ine was to a great extent 
antagonized by the administrat ion of 10 M of phentolamme (Fig 3) 
% basal level (MSH) 
25 30 35 
fraction no. 
Fig 3 Effect of α-adrenergic receptor agonist phenylephrine and 
α-adrenergic receptor antagonist phentolamme on MSH secretion from super-
fused neuromtermediate lobes of black-background adapted Xenopus laevls 
Phenylephrine (2 χ ΊΟ M) was added d u r i n g two 15-min periods, phentola­
mme administration was started several fractions before the second pulse of 
p h e n y l e p h r i n e and continued for several fractions a f t e r this pulse, as indicat­
ed in t h e f i g u r e Figure represents the mean of four experiments Bars rep­
resent -SEM and basal levels of release from the individual lobes were 1816, 
3024, 2648 and 2008 pg MSH/fraction 
In neuromtermediate lobes of black-adapted animals, the ß-adrenergic 
receptor agonist isoproterenol appeared to be unable to al ter the basal level 
of MSH secretion when added m low concentrat ions of 10 - 10 M. At high 
concentrat ions (10 M) , the effect of isoproterenol on MSH secretion is clear-
ly i nh ib i to ry (F ig . 4a) This inh ib i to ry effect on melanotropin secretion could 
not be blocked wi th propranolol (Fig 4c) Both su lp i r ide and phentolamme 
were however able to block the isoproterenol- induced inhib i t ion (F ig . 4d and 
Table 2 ) . An experiment wi th isoproterenol , but w i th lobes from whi te-
adapted animals, d id not show any st imulatory 'effect fo r th is substance (F ig . 
4b) Moreover, m an experiment with lobes f rom black-adapted animals that 
-6 
were maintained cont inuously under sub-maximum inhib i t ion by dopamine (10 
M) , isoproterenol again fai led to induce st imulat ion of release Also, we could 
not demonstrate any stimulation with isoproterenol in experiments that were 
conducted wi th the incubation medium at pH 6 8. Hadley et al. (1976) have 
62 
reported that in Rana, lowering the pH of the incubation medium reduced 
basal levels of melanotropin secretion, thus increasing sensitivity in detecting 
stimulatory effects on secretion. In Xenopus we found no reduction in basal 
secretion after lowering the pH from 7.38 to 6.80. 
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Fig. 4 Effect of B-adrenergic receptor antagonist isoproterenol on MSH secre­
tion from superfused neuromtermediate lobes of Ыаск-background adapted 
Xenopus laevls. ( a ) , effect on secretion from lobes of black-background 
adapted animals; ( b ) , effect on secretion from lobes of white-background 
a d a p t e d ; ( c ) and ( d ) , effects of B-adrenergic receptor antagonist propranolol 
and dopamine D-2 receptor antagonist sulpir ide on isoproterenol-mdaced 
inhibition of MSH release T h e concentrations of isoproterenol and receptor 
antagonists used are indicated in the f i g u r e s Administration of receptor 
antagonist was started several fractions before the second pulse of isoprotere­
nol and continued f o r several fractions a f t e r this pulse All graphs represent 
the mean of at least two individual experiments and bars represent -SEM 
Basal level of release for individual lobes within each experiment w e r e , iso­
proterenol black, 2608 and 2312 pg MSH/fract ions, isoproterenol white, 1424 
and 948 pg M S H / f r a c t i o n , isoproterenol/propranolol, 2408 and 872 pg MSH/ 
fract ion, isop-oterenol/sulpinde, 1600, 1128, 1868, and 1336 pg MSH/fraction 
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Fig. 5. Effects of 8-bronio-adenosine 3 ' ,5 ' -cyc l ic monophosphate (cAMP) on 
MSH secretion from superfused neuromtermediate lobes obtained from black-
and white-background adapted Xenopus laevis. The concentrations and times 
of cAMP administration are indicated in the f igure . All graphs represent the 
means of at least two experiments and bars represent -SEM. Basal levels of 
release for the individual lobes within each experiment were: ( a ) , 264 and 280 
pg MSH/fract ions, ( b ) , 300 and 972 pg MSH/fract ions; ( c ) , 356 and 388 pg 
MSH/fract ion; ( d ) , 1104, 1864 and 1760 pg MSH/f ract ion. 
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Effects of cyclic-AMP 
Lobes or ig ina t ing f rom animals adapted to a black background appeared to be 
insensit ive to 8-Br -cyc l ic -AMP (F ig . 5a) Addi t ional exper iments, where 
8-Br -cyc l ic -AMP was given for 50 mm periods also showed no effect of th is 
substance on MSH release. In comparison to lobes from black-adapted animals, 
lobes f rom whi te-adapted animals showed considerably more var iat ion in the i r 
base-line pat tern of MSH release, which general ly tended to decline much 
more rapidly Figure 5 b , ^ d gives results of neuromtermediate lobes of wh i te -
adapted animals, where lobes wi th similar baseline pat terns of release were 
grouped together and averaged. Cyclic-AMP gave dramatic increase m MSH 
release, but establ ishing clear dose-response relat ionships was d i f f i cu l t . 
DISCUSSION 
Previous studies have shown that the physiological state of the neurom-
termediate lobe t issue remains viable du r i ng a 6-hours superfusion per iod 
(Martens et al., 1981, Ve rbu rg -van Kemenade et al., 1986). Following In vitro 
superfusion we have found that biosynthesis and release of p ro -
opiomelanocortm-related peptides is essential ly normal and the u l t r as t ruc tu re 
of the t issue compared favourab ly to f resh ly dissected t issue (unpubl ished 
results) 
Biochemical (Loh et al , 1977; Martens et a l . , 1982) and morphological 
studies (Jenks et a l . , 1977, Weatherhead et a l . , 1972) have shown that the 
cells of the pars intermedia of b lack-background adapted toads are extremely 
active m biosynthesis and release of melanotropms In cont rast , wh i te-
background adapted animals have low biosynthet ic rates m these cells (Jenks 
et a l . , 1977) and, in vivo, release of melanotropms is under tonic inh ib i t i on . 
Dur ing in vitro super fus ion , neuromtermediate lobes f rom b lack-background 
adapted animals gave relat ively stable base-lines of MSH release, while lobes 
from whi te -background adapted animals tended to give decl in ing base- l ines. In 
our opinion th is lat ter observat ion is indicat ive of hormone depletion and 
reflects the low biosynthet ic capacity of the melanotropes of whi te-adapted 
animals In lobes of black-adapted animals the high level of hormone produc-
tion can apparent ly maintain a high rate of in vitro release 
The results of our superfusion experiments clearly show that the mdola-
mme serotonin has no effect on the rate of MSH release from the pars 
intermedia of e i ther wh i te- or b lack-background adapted Xenopus Immunocy-
tochemically we have found that m Xenopus laevis, serotonergic f ibers are 
restr ic ted to the neural lobe, and no evidence for the presence of serotonin 
m the pars intermedia was found (unpubl ished resul ts) Thus it would seem 
unl ikely that serotonin plays a d i rect role m the regulat ion of pept ide release 
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f rom the pars intermedia of Xenopus. In th is respect, there could be 
species-differences in the regulat ion of melanotropin release. Thornton and 
Geschwind (1975) f o u n d a dose-dependent potent stimulation of MSH release in 
the l izard Anolis carolensis. Ueda et a l . (1984) and Kondo et a l . (1983) dem­
onstrated the presence of serotonergic f ibers in the pars intermedia of Rana 
catesbeiana. That serotonergic innervat ion of the pars intermedia might be 
r e s t r i c t e d t o lower v e r t e b r a t e species is suggested by the studies of Kondo 
and c o - w o r k e r s , who showed t h a t the pars intermedia of r a t , hamster and dog 
were serotonin negat ive. 
Table M Summary of the effects of specific receptor antagonists on 
secretagogue-mduced mhibiton of MSH release from superfused neuromtermed-
iate lobes of Xenopus loevis 
antagonists 
secretagogues 
propranolol phentolamme s u l p i r i d e 
( S - r e c e p t o r ) ( α - r e c e p t o r ) (D-2 receptor) 
adrenaline 
adrenal ine 
noradrenaline 
isoproterenol 
phenylephrine 
(10~7 M) 
(10"6 M) 
(ID"6 M) 
(10"5 M) 
(2xl0"5 M) 
n.d. 
-
-
n.d. 
Each secretagogue was administered during a 15-min period to superfused 
lobes and the о inhibition of MSH secretion determined as described in Table 
I Administration of receptor antagonists (receptor specificity indicated m 
b r a c k e t s ) was started several fractions before a second 15-min pulse of secre­
tagogue and continued for several fractions a f t e r this pulse. Inhibition of 
release by the secretagogue during this second pulse was compared to that 
obtained d u r i n g the f i r s t pulse. Symbols i'·'), complete or almost complete 
antagonism of inhibitory effect of secretagogue; ( * / - ) , partial antagonism of 
inhibitory effect of secretagogue; ( - ) , no detectable antagonism of secreta­
gogue, η d not determined 
Electronmicroscopic studies have indicated the existence of cholinergic 
axon vesicles in the pars intermedia of Rana (Nakai et al., 1969) and the 
neurotransmit ter acetylcholine has been shown to stimulate MSH secretion 
(Davis et al., Ί978). Hopkins (1971), in character iz ing neurons of the pars 
intermedia of Xenopus laevis, concluded that chol inergic innervat ion is absent 
n.d. 
n.d. 
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from the intermediate lobe of th is species The results of our superfusion 
studies, showing that acetylchol ine has no inf luence on MSH secret ion, are m 
agreement wi th Hopkins conclusion that acetylchol ine has no role, at the level 
of the Xenopus pars intermedia, in regulat ing melanotropin release. 
The observat ion t h a t both adrenaline and noradrenal ine were v e r y effec­
t ive in inducing inh ib i t ion of MSH release m a dose-dependent manner s u g ­
gests the involvement of an α-adrenergic receptor mechanism This suggestion 
is supported by the fact that the o-adrenergic receptor agonist pheny lephr ine 
inhibi ted hormone release, a response that could be antagonized by phentola-
mine However, high concentrat ions of p h e n y l e p h r i n e were needed and m 
antagonizing the adrenal ine- and noradrenalme-mduced inhib i t ion of secret ion, 
the dopamine D-2 receptor antagonist su lp i r ide proved to be much more potent 
than the α-adrenergic receptor antagonist phentolamme This indicates t h a t , 
m vitro at least, adrenaline and noradrenal ine i n h i b i t MSH release p r i m a r i l y 
t h r o u g h a dopamine receptor mechanism, similar to the situat ion reported for 
the rat pars intermedia (Munemura et al., 1980) In ¡η vitro experiments the 
t issue is, of necessity, f looded w i t h potential secretagogue In th is s i tuat ion 
adrenaline or noradrenal ine can i n h i b i t MSH release t h r o u g h act ivat ion of 
ei ther abundant ly available dopamme-type receptors (a manuscr ipt concerning 
t h e i r character ist ics is in p r e p a r a t i o n ) , or less abundant α-adrenergic recep­
t o r s . If ¡n vivo, however, neurot ransmi t ter was to be del ivered to the t issue 
in h ighly d i rected synapses between adrenergic nerve terminals and the mela-
notropes, then it cannot be excluded that an α-adrenergic receptor mechanism 
plays a role m regulat ing pars intermedia f u n c t i o n 
With respect to possible ¡S-adrenergic receptor mechanisms, we have 
shown that fo r Xenopus, low concentrat ions of the ß-adrenergic receptor ago-
nist isoproterenol have no effect on MSH release and high concentrat ions 
actually inh ib i t release. The fact that th is inh ib i t ion could not be blocked by 
the B-receptor antagonist propranolo l , but was blocked by su lp i r ide or phen-
tolamme, indicates that i t does not involve act ivat ion of a p-adrenergic recep-
to r , and we there fore conclude that Xenopus melanotropes are not regulated 
th rough a ß-adrenergic mechanism. In con t ras t , i t has been demonstrated fo r 
both Rana pipiens (Bower et al., 1974) and Rana rldibunda (Tonon et al., 
1983) that a U-receptor mechanism stimulates release of MSH from the pars 
intermedia. It is in terest ing to note t h a t , w i th respect to the ß-adrenergic 
receptor, a similar discrepancy between f r o g an<J Xenopus has been reported 
for the receptor pro f i le of the i r e ry th rocy tes . Frog e ry th rocy tes contain a 
high number ß-adrenergic receptors, whereas the ery th rocy tes of Xenopus 
lack th is t ype of receptor (Cenone et al., 1983). 
Beta-adrenergic receptors general ly act ivate the adenylate cyclase system 
(Cote et al., 1980; Munemura et al., 1980). The lack of th is receptor on 
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MSH-cells of Xenopus laevis raises questions concerning the involvement of 
cycl ic-AMP as an intracel lu lar factor f o r st imulation of hormone release. In 
both o u r present exper iments, and those reported earl ier (Jenks et al., 
1977), we f o u n d a clear st imulation of MSH release, in contrast to Loh et al. 
(1981) who conclude from t h e i r results that cyclic-AMP inhibi ts release of 
MSH. In the present invest igat ion the superfusion system has allowed us to 
follow the time course of cyclic-AMP induced st imulat ion. These studies have 
revealed that a pulse of 8-Br-cycl ic-AMP is so ef fect ive in st imulating the 
secretory process, t h a t in many cases the lobes became almost depleted of 
MSH and t h u s could no longer maintain release and were hardly sensit ive to 
subsequent pulses of cycl ic-AMP. In t h e i r s tudies. Loh et al. (1981) p r e m c u -
bated lobes of whi te-background-adapted animals f o r 30 mm p r i o r to the s t a r t 
of the release exper iment, which proceeded f o r an addit ional 3 hours of in 
vitro incubat ion. In the case of the cycl ic-AMP treated g r o u p , cyclic-AMP was 
present d u r i n g both the preincubat ion and experimental p e r i o d . Possibly the 
pretreatment w i t h cycl ic-AMP depleted the lobes of MSH. 
Our results wi th 8-Br-cAMP i l l u s t r a t e the importance of considering 
responses of lobes from both white-adapted and black-adapted animals. The 
reason f o r the f a i l u r e of lobes from Ыаск-adapted animals to respond, or to 
respond only v e r y p o o r l y , to cyclic-AMP treatment remains to be c l a r i f i e d . 
Possibly the endogenous cyclic-AMP levels in the cells of the pars intermedia 
of Ыаск-adapted animals were already at elevated levels, ref lect ing the 
physiological state of the animals p r i o r to conduct ing the experiments. In that 
Xenopus lacks a f5-adrenergic receptor, st i l l to be resolved are questions con­
c e r n i n g what receptor systems might be involved in activat ion of the adeny­
late cyclase system in the melanotropes of th is species. In recent experiments 
we have found that both the neuropeptides t h y r o t r o p i n - r e l e a s m g hormone and 
c o r t i c o t r o p i n - r e l e a s i n g hormone show a similar phenomenon as that displayed 
by cycl ic-AMP, namely, they stimulate release from lobes of whi te-adapted, 
b u t not Ыаск-adapted animals (manuscript in p r e p a r a t i o n ) . We are invest igat­
ing whether one of these neuropeptides could be a MSH release st imulating 
factor m Xenopus laevis. 
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Chapter 5 
GABAERGIC REGULATION OF MELANOCYTE-STIMULATING HORMONE 
SECRETION FROM THE PARS INTERMEDIA OF XENOPUS LAEVIS: 
IMMUNOCYTOCHEMICAL AND PHYSIOLOGICAL EVIDENCE 
Endocrinology 118: 260-267 (1986). 
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ABSTRACT 
a-MSH secretion f rom the amphibian pars intermedia is under inh ib i tory 
hypothalamic con t ro l , and the catecholamine dopamine is thought to be the 
physiological MSH re lease- inhib i t ing factor In the present s tudy we evaluated 
the possible role of the neurotransmit ter ï - a m m o b u t y n c acid (GABA) m the 
regulat ion of the pars intermedia of Xenopus laevis Immunocytochemical s ta in-
ing wi th antibodies to glutamic acid decarboxylase showed the presence of a 
r ich GABAergic network in the intermediate lobe of the p i tu i ta ry gland 
Administ rat ion of GABA to superfused neuromtermediate lobes caused a rapid 
and dose-dependent inh ib i t ion of basal release of MSH and immunoreactive 
endorphin Pulse-chase experiments revealed tha t GABA gave a coordinate 
inh ib i t ion of the release of all peptides der ived from proopiomelanocortin In 
vivo administrat ion of GABA resulted m almost complete pigment aggregation 
in dermal melanophores of both adults and larvae Al together , our results 
indicate that GABA is a physiological ly important factor fo r regulation of the 
pars intermedia in Xenopus laevis 
11 
INTRODUCTION 
The pars intermedia of the amphibian p i t u i t a ry gland produces and 
secretes MSH, a hormone tha t induces expansion of pigment granules in de r -
mal melanophores Regulation of the release of MSH, which is under inh ib i to ry 
control f rom the hypothalamus, is thought to be th rough the catecholammergic 
innervat ion of the melanotropes of the pars intermedia ( 1 , 2) For several 
amphibian species the neurotransmit ter dopamine has been shown to be a ve r y 
potent inh ib i to r of MSH release (2 , 3) This has led to the hypothesis tha t m 
amphibians on a white background there is release of dopamine in the pars 
intermedia and thus inhib i t ion of MSH secretion As a resu l t , there is a 
blanching of the skin In animals on a black background the dopaminergic 
system is supposedly inact iva ted, and consequently there is release of MSH 
from the gland There are , however, indications tha t the inh ib i to ry control of 
MSH release is more complicated de Volcanes and Weatherhead (4) made the 
important observat ion tha t t reatment of the aquatic toad Xenopus laevis w i th 
6-hydroxydopamine, which selectively destroys catecholammergic pathways, 
fai led to induce fu l l expansion of pigment in dermal melanophores Moreover, 
we have recently found tha t b locking of dopamine receptors by inject ion of 
potent dopamine receptor antagonists, which were shown to be ef fect ive in 
revers ing the pigment aggregat ion caused by injection of exogenous dopamine, 
was ineffect ive m darken ing whi te-adapted Xenopus (unpubl ished observa-
t ions) This s t rong ly suggests t ha t , m addit ion to dopamine, a noncatecho-
lammergic system must be involved m inhib i t ion of MSH release 
Ï -Ammobu ty r i c acid (GABA) is general ly recognized as an important 
inh ib i to ry neurot ransmi t ter in the mammalian centra l nervous system ( 6 - 8 ) , 
and many studies have focused on the role of GABA in the regulat ion of 
hypothalamo-hypophyseal funct ion (9-12) Of d i rec t relevance to the present 
invest igat ion is an ear l ier repor t that GABA inh ib i ts MSH release in the f r o g 
(13) and the more recent demonstration that th is neurot ransmi t ter inh ib i ts 
MSH release from the pars intermedia of the rat in a dose-dependent manner 
(14) The rat pars intermedia has been shown to be r ich ly innervated wi th a 
GABAergic network (15, 16) The purpose of our invest igat ion was to deter -
mine if GABA could be involved in the physiological regulat ion of the pars 
intermedia of Xenopus laevis In order to evaluate th is possible involvement, 
a mult iple approach was taken F i rs t , an immunocytochemical technique fo r the 
localization of a key enzyme in GABA b iosynthes is , glutamic acid decarboxy-
lase (GAD) , which is considered a rel iable marker fo r GABAergic systems 
(17, 18), was applied to demonstrate possible GABAergic innervat ion of the 
toad neuromtermediate lobe Second, the effect of GABA on the release of 
MSH from superfused neuromtermediate lobes of Xenopus was establ ished 
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This s tudy was extended to include dose-response relat ionships. The in vivo 
effects of GABA on pigment aggregation in dermal melanophores was also 
examined. Final ly , in view of the fact that MSH is only one of a number of 
peptides synthesized from a common prohormone, proopiomelanocortin (POMC), 
the effects of GABA on the secretion of other POMC-related peptides was also 
invest igated. This was accomplished by fol lowing f i r s t the release of immuno-
reactive ß-endorphm from superfused lobes and , second, by using a pulse-
chase procedure to fol low simultaneously the release of all newly synthesized 
peptides der ived from POMC 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred and reared in the aquatic fac i l i ty of the Department 
of Zoology, Catholic Un i ve rs i t y , Nijmegen Animals were black-adapted for 4 
weeks in black buckets under constant i l luminat ion. Melanophore index, 
ref lect ing the degree of pigment dispersion in the dermal melanophores, was 
determined according to the c r i te r ia of Hogben and Slome (19) . The develop-
mental stage of the larvae was determined wi th the standard table of Nieuw-
koop and Faber (20) . 
Immunocytochemistry with anti-CAD 
The animals were perfused wi th a mixture of 4% formaldehyde, 0 075 M lysine 
and 0.01 M sodium periodate m 0 05 M phosphate bu f f e r , pH 7 4 , according 
to McLean and Nakane (21) . Brains were dissected and post - f i xed overn igh t 
m the same f i xa t i ve A f te r dehydra t ion , the diencephalon was embedded in 
Epon res in . GAD-immunolabelmg was carr ied out wi th the unlabeled ant ibody 
peroxidase-ant iperoxidase techn ique, according to Sternberger (22) on semi-
t h m (1 ym) sections af ter par t ia l removal of the resin th rough sodium methox-
ide t reatment , as descr ibed m detail elsewhere (23, 24) The pr imary an t i -
GAD antiserum was produced m sheep against rat brain GAD (25, 26) 
Control experiments were car r ied out w i th normal sheep serum or preimmune 
serum. The landmarks of the intermediate lobe were delineated th rough 
a-MSH immunocytochemistry on adjacent sections 
In vitro superfusion experiments 
Freshly dissected neuromtermediate lobes were penfused in a 
microsuperfusion system designed for handl ing four indiv idual lobes simultane-
ously Each superfus ion chamber (volume, 10 yl) had a nylon gauze at the 
outlet side for retaining the lobe. A mult ichannel per is ta l t ic pump was used to 
pump incubation medium th rough each chamber (1.5 m l / h ) , and the ef f luent 
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from each was collected in 7 5-min f ract ions wi th an Iseo ( r e t r i e v e r I I ) 
f ract ion col lector, modified to advance f o u r collection tubes simultaneously at 
each f ract ion-change. The 4 superfusion chambers were held m a waterbath 
at 22 C, as was the f lask containing the superfusion medium (composit ion. 112 
mM NaCI, 2 mM KCl, 2 mM C a C l j , 15 mM HEPES, pH 7 38, 0.3 mg/ml BSA, 2 
mg/ml g lucose). Medium was aerated wi th carbogen. Usually 8 superfusion 
fract ions were collected before switching to medium contain ing GABA (Sigma, 
St. Louis, MO), which was then superfused f o r a 15-min p e r i o d , fol lowed by 
a r e t u r n to normal incubation medium. Six to eight f ract ions were collected 
between the subsequent 15-min pulses wi th GABA. The collected f r a c t i o n s 
were either submitted almost immediately to RIAs or stored frozen f o r later 
assays Most assays were performed fora-MSH, although occasionally assays 
f o r endorphin were conducted Experiments were also conducted to determine 
if the GABA-mduced inhib i t ion was exerted t h r o u g h act ivat ion of the dopam­
inergic or adrenergic neurons For th is purpose the effect of the dopamine 
D-2 receptor antagonist su lp i r ide or the α-adrenergic receptor antagonist 
phentolamme was studied In each experiment these antagonists were g iven 
f o r a total of 75 mm to superfused neuromtermediate lobes and a 15-min p e r i ­
od of GABA administrat ion was introduced d u r i n g th is t reatment. 
RIAs 
The antiserum used m the RIA for MSH was produced and character ized by 
V a u d r y et al. (27) It showed equal r e a c t i v i t y to desacetyl-a-MSH and o-MSH. 
125 Immunobound and unbound [ l]MSH were separated e i ther by the use of the 
second ant ibody technique, or by precip i tat ion wi th polyethylene glycol 
(7 50o) Sens i t i v i ty t h r e s h o l d of the assay was 5 pg A standard c u r v e was 
constructed wi th the use of synthet ic a-MSH (Sigma). Several sample d i lut ions 
of the superfusion ef f luent were assayed to conf irm parallelism wi th the stan­
d a r d c u r v e . To monitor endorphin release, a RIA using antiserum produced to 
porcine ß-endorphm was used (k ind ly prov ided by Dr H. V a u d r y , Rouen, 
France). Xenopus laevis endorphin showed a good c ross- reac t i v i t y to th is 
ant iserum, but d i lu t ion curves obtained wi th Xenopus endorphin samples d id 
not completely parallel those obtained wi th porcine ¡S-endorphin (Sigma) For 
th is reason, w i th in one assay all the superfus ion f ract ions were assayed at 
the same d i l u t i on . T h u s , the results g ive the relat ive amount of endorphin 
released and they cannot be considered to be absolute values 
In vivo administration of GABA 
The melanophore index of fu l l y Ыаск-adapted animals was r e c o r d e d . Subseq­
u e n t l y , t h e animals were injected i n t r a p e n t o n e a l l y w i t h GABA m 100 yl saline 
(concentrat ion given m Results), and r e t u r n e d immediately to an i l luminated 
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black b a c k g r o u n d . The melanophore index of these animals, and 
sal ine-injected control animals, was then recorded every 30 min over the next 
2 h. Ideal ly, tests f o r possible effects of GABA d i r e c t l y on isolated melano-
phores would be desirable. However, the melanophore index drops v e r y rap­
id ly when sk in is excised from b lack-background adapted animals (presumably 
r e f l e c t i n g the loss of c i r c u l a t i n g MSH), making t h i s assay impract ical. The 
effect of GABA on the melanophore index of tadpoles was determined by a d d ­
ing t h i s secretagogue to the ambient water of black-adapted tadpoles. The 
melanophore index was recorded every 30 min f o r 2 h. The water was then 
refreshed and r e v e r s i b i l i t y of the GABA-mduced change in melanophore index 
was checked a f t e r 1 h. Differences m melanophore index were analyzed f o r 
s igni f icance w i t h the Mann-Whitney U t e s t . 
Analysis of the release of newly synthesized peptides 
Details concerning the b iosynthet ic procedures used in o u r s t u d y have been 
extensively reported (28, 29). B r i e f l y , neuromtermediate lobes were pulse-
incubated f o r 1.5 h (100 υΙ incubation medium containing 20 yCi each of 
3 3 
[ H j l y s i n e , 90 Ci/mmol, and [ H]phenyla lanme, 80 Ci/mmol, both purchased 
from Radiochemical C e n t r e , Amersham, UK, r i n s e d , and then t r a n s f e r r e d to a 
superfusion chamber. Superfusion proceeded f o r 5 h, d u r i n g which three 1-h 
f r a c t i o n s , denoted F l , F2, and F3, were collected consecutively f o r HPLC 
analysis of radioactive POMC-denved peptides released d u r i n g superfus ion. 
GABA (3.3 χ 10 M) was introduced to the superfusion system just before 
collection of the F2 f ract ion and addit ion was cont inued t h r o u g h o u t the collec­
t ion of the f r a c t i o n . Superfusion with normal incubation medium was resumed 
af ter th is F2 p e r i o d . The Fl and F3 f ract ions funct ioned as internal stan­
d a r d s ; contro l experiments showed that an equal level of radioactive pept ide 
release could be expected in the Fl and F2 f r a c t i o n , whereas the F3 f ract ion 
normally had 50oo of th is level. HPLC analysis was conducted with use of 
s p h e n s o r b octadecyl silica (10-ODS) reversed-phase column w i t h 0.14 M 
p y r i d i n e - 0 . 5 M formic acid (pH 3.0) as the pr imary solvent ( A ) . Radioactive 
peptides were eluted wi th a gradient of 1-propanol (secondary solvent, B ) . 
The flow rate was 2 ml/min, and 0.5-mm fract ions were col lected. Four mi l l i l i ­
ters of sc int i l lat ion f l u i d (sc int i l la tor 299, Packard, Downers Grove, IL) were 
added to each f r a c t i o n , and the radioact iv i ty in each f ract ion was determined 
in a l i q u i d sc int i l la t ion analyzer. 
76 
Fig 1 GAD immunocytochemistry on semi-thin sections of the pi tui tary gland 
of the Xenopus laevis At low magnification ( top) a dense immunoreactive 
plexus is visible in the basal hypothalamus ( H ) . A thin network of immuno-
reactive endings is present in the intermediate lobe ( I D and is more readily 
visible at higher magnification (bottom) A few immunoreactive dots are occa-
sionally seen in the neural lobe (NL) No immunoreactivity is present in the 
anterior lobe ( A L ) . The borders of the intermediate lobe have been deter -
mined by immunolabelmg of a-MSH on adjacent sections Scales in \im 
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RESULTS 
Immunocytochemistry with anti-GAD 
Numerous immunolabeled spots were visible over most bra in areas Labeled 
cell bodies were not readi ly v is ib le. In the anter ior lobe of the p i t u i t a r y no 
immunoreactiv i ty was found ( F i g . 1) . In the neural lobe we sometimes 
observed a few immunolabeled spots Only in the intermediate lobe, however, 
was a well developed immunoreactive network f o u n d It consists of t h i n (most­
ly less than 1 ym in diameter) immunoreactive prof i les scattered over the 
e n t i r e lobe, with no specif ic d i s t r i b u t i o n p a t t e r n . This immunoreactive 
network was found both in black- and white-adapted animals However, no 
experiment was designed specif ical ly to allow comparison of the density of 
innervat ion m the pars intermedia of black- and white-adapted animals. 
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Fig 2 Effect of GABA on basal release of MSH d u r i n g /n vitro superfusion 
of neuromtermediate lobes of Xenopus laevls T h r e e 15-min pulses of GABA 
(10 M, 10 M, and 10 M) were g i v e n , as indicated in the f i g u r e Figure 
represents the average of t h r e e independent neuromtermediate lobes The 
100% values f o r basal release of MSH were defined from the average secretion 
in fractions 13-17 T h e y w e r e , respectively, 416, 598, 460 pg/7 5-πιιη f r a c ­
tion Vert ical bars indicate -SEM 
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Effect of GABA on MSH secretion 
Figure 2 shows the effect of d i f f e r e n t concentrations of GABA, added f o r 
IS-min periods d u r i n g a 6-h superfusion p e r i o d . GABA administrat ion caused 
a r a p i d , dose-dependent and readi ly revers ib le inhib i t ion of MSH release from 
the neurointermediate lobe. Inhibi t ion occurred when concentrat ions in the 
-4 -5 
range of 10 M - 10 M were added. Table 1 summarizes the results from a 
number of experiments to give the average percent inhibi t ion measured at d i f ­
f e r e n t concentrations of GABA. With the 15-min pulses of GABA used, we 
observed no t issue desensit ization to th is secretagogue. Experiments w i t h the 
dopamine D-2 receptor antagonist s u l p i r i d e , or the o-adrenergic receptor 
antagonist phentolamme, showed that these antagonists had no effect on the 
GABA-mduced inhib i t ion of MSH secretion ( F i g . 3 ) . 
Table I. Dose-response relationships for GABA-mduced inhibition of MSH 
release from superfused neurointermediate lobes of Xenopus laevis. 
No. of % Inh ib i t ion (±SEM) 
Cone. GABA (M) experiments of release 
4 0 
4 0 
6 42.2 ± 6.0 
45 73 6 + 2 4 
8 88 7 ± 3 3 
4 92 0 ± 2 4 
GABA was administered during two consecutive 7 5-min periods Basal release 
was defined as the average secretion of MSH during the three 7.5-min periods 
before GABA addition Percent inhibition in relation to this value was calcu­
lated from the amount of MSH released during the second 7.5-min period of 
GABA addition 
In vivo effect of CABA on pigment aggregation 
Both adult animals and larvae reacted to GABA by pigment aggregat ion in the 
dermal melanophores ( F i g . 4 ) . These reactions were dose dependent and 
revers ib le. Both in adults and in larvae almost f u l l pigment aggregat ion could 
be induced wi th GABA treatment (melanophore index 1 to 2 ) . The animals 
showed no apparent behavioral changes wi th GABA treatment. 
χ 10 
χ 10" 6 
χ 10" 5 
.3 χ 10" 5 
χ 10"* 
χ 10" 3 
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Fig 3 The effect of the dopamine D-2 receptor antagonist sulpir ide and the 
α adrenergic receptor antagonist phentolamme on GABA-induced inhibition of 
MSH release from superfused neuromtermediate lobes of Xenopus laevis In 
each experiment t h r e e 15-min pulses of GABA were given as indicated in the 
f i g u r e T h e receptor antagonists were administered from five fractions before 
the second GABA pulse to several fractions a f t e r this pulse Results r e p r e ­
sent t h e average of t h r e e independent lobes for both experiments The 100% 
values (respective average of fractions 24-25 and 19-20-21) f o r basal release 
of MSH for the individual lobes were sulpiride experiment, 2508 p g , 626 p g , 
248 p g , phentolamme experiment, 760 p g , 1964 p g , 860 pg Vertical bars 
indicate -SEM 
melanophore index — 
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Fig 4 Effect of in vivo administration of GABA on the melanophore index of 
Xenopus laevis adults and larvae (melanophore index 5 represents full pigment 
dispersion, melanophore index 1 represents full pigment aggregation) Each 
group in the experiment with adults consisted of 3 animals, and the concen­
trations of GABA injected are given as moles/g BW Each group in the e x p e r ­
iment with larvae consisted of 10 animals, and the molar concentration of 
GABA m the ambient water is given All GABA treatments lead to a signif i­
cant reduction in melanophore index (P * О 0 5 ) , with the exception of the 
-7 -3 
adult group at 10 moles/g and the 30-min recording for the larvae at 10 M 
GABA 
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Effect of САВА on the secretion of immunoreactive endorphin 
Release of immunoreactive endorphin was monitored in f i v e d i f f e r e n t s u p e r f u -
sion exper iments, and i t was noticed t h a t GABA i n h i b i t e d secretion in each 
experiment. F igure 5 gives an example of the results obta ined. The baseline 
pat tern of endorphin release was often not the same as that found f o r MSH. 
The reason f o r th is is unknown. The dose-response relat ionship f o r GABA 
inhibi t ion of endorphin was essentially the same as that obtained for inhibi t ion 
of MSH release. 
β endorphin — 
(pg equivalents) 
300 \- «г 
200 
100 -
35 40 45 
fraction no 
Fig 5 Effects of GABA on basal release of immunoreactive endorphin during 
in vitro superfusion of Xenopus neuromtermediate lobe Three 15-min pulses 
of GABA in concentrations of 10 M, 10 M, and 10 M were given Exper­
iment was repeated five times with similar results, however, baseline fluctua­
tions precluded averaging of the results in one figure 
Effects of CABA on the secretion of newly synthesized POMC-derived 
peptides 
D u r i n g superfusion in the absence of GABA ( F l p e r i o d ) , t h e r e was a conco­
mitant release of all radioactively labeled newly synthesized POMC-derived 
peptides (Fig 6 ) . These radioactive peptides have been extensively charac­
ter ized elsewhere (30, 31) Product I is ÏMSH ; I I , des-acetyl-a-MSH ; IV , 
coelut ing peptides a-MSH and a form of cor t ico t ropm- l ike- in termedia te lobe 
pept ide (CL IP ) , designated CLIP 1 , V , a second form of CLIP, designated 
CLIP 2; VI is un ident i f ied ; V I I and V I I I represent two forms of endorph in , 
IX and X , unident i f ied but could represent intermediates in the processing of 
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Fig. 6. Effect of GABA on the secretion of newly synthesized POMC d e r i v e d 
peptides from t h e neuromtermediate lobe of Xenopus laevis. Lobes were pulse-
3 3 
incubated in [ H]phenylalanine and [ H]lysine for 1.5 h and were subseq­
uently superfused for б h. T h r e e superfusion fractions were collected. F-1 (1 
h 30 mm - 2 h 30 m m ) ; F-2 (2 h 50 mm - 3 h 50 m m ) ; F-3 (4 h 10 mm - 5 
h 10 m m ) . GABA (3 χ 10 M) was present d u r i n g the F-2 period. Peptides 
in these fractions w e r e separated by HPLC and the amount of radioactivity in 
each fraction was p l o t t e d . Peaks represent: I, i j - M S H - l i k e peptide ; I I , des-
acetyl-n-MSH ; I V , two coelutmg peptides a-MSH and C L I P ; V , CLIP 2 ; V I , 
unknown; V I I , endorphin 1 ; V I I I , endorphin 2; I X , I X a , and X , unknown; 
X I , t h e prohormone, POMC. 
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the prohormone; X I , POMC. When GABA was present m the superfus ion 
medium (F2 p e r i o d ) , t h e r e was clearly a drast ic reduct ion m the release of all 
radioactive pept ides. This reduct ion seems to be similar f o r each p e p t i d e , 
wi th the exception of POMC With the r e t u r n to normal incubation medium m 
the F3 p e r i o d , the secretion of the POMC-denved peptides resumed. 
DISCUSSION 
For the immunocytochemical studies, an antiserum against rat bra in GAD 
was used, the speci f ic i ty of which has been prev ious ly documented ( 1 1 , 25, 
26) It has already been used in the rat to invest igate the GABAergic inner­
vation m the hypothalamo-hypophyseal complex (15, 23) This p r o v i d e d a 
morphological basis f o r neuroendocrine GABA ( 1 1 , 3 2 ) . In contrast to a 
r e p o r t deal ing w i t h another GAD antiserum (33) , our antiserum showed a good 
c r o s s - r e a c t i v i t y wi th GAD from various species, inc luding lower ver tebrates 
For example, in vitro immunoprecipitation curves indicated that the a f f i n i t y of 
th is antiserum to t r o u t bra in GAD amounted to at least 10° of the a f f i n i t y d i s ­
played to rat bra in GAD ( T . Legay, and M. Tappaz, unpubl ished) This s u g ­
gests t h a t some ant igenic determinants of GAD have been conserved d u r i n g 
phylogenesis. T h e r e f o r e , in our opin ion, th is antiserum is suited f o r immuno­
cytochemical demonstrat ion of GAD in lower v e r t e b r a t e s . In the Xenopus bra in 
a v e r y general d i s t r i b u t i o n of immunopositive react ion, inc luding the h y p o t h a -
mus, was o b s e r v e d . This indicates the presence of a dense GABAergic 
i n n e r v a t i o n , similar to that found m the rat (16, 23, 34) In the intermediate 
lobe of Xenopus laevis, our results show the existence of an appreciable 
GABAergic i n n e r v a t i o n , which is again reminiscent of the f i n d i n g s m the rat 
(15, 16) and mouse (35) No f i b e r t racts could be demonstrated, which raises 
th e question concerning the hypothalamic o r i g i n of th is i n n e r v a t i o n . A similar 
problem has been encountered m studies of the rat pars intermedia. Section­
ing of the rat p i t u i t a r y stalk abolished both GAD a c t i v i t y and GAD immuno­
r e a c t i v i t y m the neurointermediate lobe, t h u s demonstrat ing the centra l o r i g i n 
of the neurointermediate lobe GABAergic m n e r v a t o n ( 1 5 ) . It is l ikely that a 
similar organizat ion is present m Xenopus. At the u l t r a s t r u c t u r a l leve l , the 
GAD immunoreactiv i ty m t h e rat was f o u n d to be essential ly r e s t r i c t e d to the 
terminals and synaptoid contacts (15, 2 3 ) . A l though no u l t r a s t r u c t u r a l studies 
have been c a r r i e d out m the present s t u d y of the p i t u i t a r y of Xenopus lae­
vis, close apposit ion between GABAergic endings and the melanotropes could 
be expected. 
Taraskevich and Douglas (36) have demonstrated t h a t GABA can d i r e c t l y 
af fect the electrophysiological propert ies of the neurointermediate lobe cells of 
t h e r a t . They subsequent ly showed t h a t addit ion of GABA to superfused 
Θ3 
intermediate lobe cells f i r s t led to a short b u t s igni f icant stimulation of the 
release of MSH, then to a sustained inh ib i t ion of MSH secretion (14) . This 
biphasic phenomenon has been confirmed by Demeneix et al. (32) . From the 
results of pharmacalogical experiments w i t h rat neuromtermediate lobes, they 
suggested that two d i f f e r e n t GABA receptor mechanisms, one involv ing the 
GABAa receptor and the other the GABAb receptor, are responsible for st im­
ulation and i n h i b i t i o n , respect ively Our results wi th the neuromtermediate 
lobe of Xenopus show that GABA administrat ion leads to a rapid inhibi t ion of 
MSH release, w i t h no evidence f o r a biphasic effect We have confirmed the 
lack of a biphasic effect in separate experiments where the MSH release was 
monitored over 2-min periods r a t h e r than the 7 5-min f ract ions used in the 
present s t u d y The lack of a biphasic effect might indicate a d i f ference 
between the GABA receptor prof i les f o r the neuromtermediate lobe of Xenopus 
laevis and that of the rat This is c u r r e n t l y under invest igat ion. Preliminary 
experiments indicate t h a t GABAergic inh ib i t ion of MSH release in Xenopus is 
mainly achieved t h r o u g h act ivat ion of GABAb receptors 
Tissue and blood are known to contain v e r y active enzyme systems f o r 
t h e rapid breakdown of GABA For instance, Apud and co-workers (38) 
r e p o r t that GABA is more ef fect ive in decreasing PRL release from the a n t e r i ­
o r p i t u i t a r y lobe when incubated m the presence of ethanolamme-O-sulfate, a 
potent GABA t r a n s a m m a s e - T - m h i b i t o r Because of its i n s t a b i l i t y , GABA must 
usual ly be given m high concentrat ions to be effect ive m pharmacological 
experiments We consider the dose-response relat ionship established in our 
s t u d y f o r GABAergic inh ib i t ion of MSH release to be well w i th in the range of 
physiological relevance Indeed, in comparing o u r results wi th those obtained 
w i t h the rat pars intermedia, i t is evident that GABA is v e r y potent m its 
inh ib i t ion of the Xenopus pars intermedia Tomiko and co-workers (14) used 
1 0 " 4 M GABA m t h e i r s t u d y , and Demeneix et al. (38) showed that 5 χ I O " 5 
M GABA gives only about 25% inh ib i t ion of MSH release from the n e u r o m ­
termediate lobe of the rat This latter concentrat ion of GABA gave essential ly 
complete inh ib i t ion of MSH release m Xenopus laevis 
Administrat ion of GABA to the l i v ing animals caused a dose-dependent 
b lanching of the s k i n , a result consistent w i t h our in vitro f i n d i n g s . Care 
must be t a k e n , however, in the in terpretat ion of in vivo experiments, as the 
possib i l i ty of an effect of GABA on the central nervous system or an effect 
on the melanophores cannot be ruled out In mammals it has been reported 
that GABA cannot cross the b lood-bram b a r r i e r ( 3 9 ) . If th is is also t r u e f o r 
amphibians, i t is l ikely t h a t the pigment aggregat ion observed is accomplished 
t h r o u g h an action of GABA on the intermediate lobe The demonstration that 
GABA also caused blanching m tadpoles suggests that the GABAergic system 
in Xenopus laevis is involved m regulat ing MSH secretion already m the lar­
val stage. 
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Regulation of MSH release b y a dopaminergic i n h i b i t o r y mechanism is well 
established f o r amphibians We t h e r e f o r e considered the possib i l i ty that GABA 
would not e x e r t its i n h i b i t o r y action d i r e c t l y on the melanotropes, b u t would 
act by act ivat ion of the dopaminergic neurons in the intermediate lobe 
Al though GABA is general ly known as an i n h i b i t o r y neurotransmit ter , i t has 
been shown to enhance dopamine release in the medio-basal hypothalamus of 
the rat (40) In th is latter s t u d y , the dopamine release form t he n e u r o m -
termediate lobe was found to be unaffected by GABA As we have found t h a t 
s u l p i r i d e , an ef fect ive antagonist of the dopaminergic receptors on Xenopus 
melanotropes, is unable to affect the GABA-mduced inhibi t ion of MSH secre­
t i o n , we consider the possibi l i ty of a GABAergic interact ion w i t h the dopamin­
ergic neurons to be excluded In a similar way, the results of experiments 
wi th the α-adrenergic receptor antagonist phentolamme exclude an interact ion 
of GABA w i t h α-adrenergic neurons In other amphibian species a-adrenergic 
mechanisms have been implicated in inh ib i t ion of MSH secretion (41) 
a-MSH is one of the cleavage products of a prohormone, POMC, which 
d u r i n g processing in the Xenopus pars intermedia generates a number of o t h ­
er potent ia l ly bioactive pept ides, inc luding Ï -MSH, CLIP, and endorphin (30, 
31) We there fore considered the possibi l i ty that mult iple secretagogues fo r 
the regulat ion of the pars intermedia may exist and be involved in the selec-
t ive regulat ion of the release of one pept ide or a group of peptides from the 
POMC family Dopamine is general ly considered to give a coordinate inhib i t ion 
of the secretion of all POMC-denved pepides (29, 42) The results of our 
immunoassays clear ly show that GABA has a coordinate effect on the inhib i t ion 
of release of immunoreactive endorphin and MSH from superfused neurom-
termediate lobes From the results of the pulse-chase exper iments, where i t 
was possible to simultaneously monitor the release of all newly synthesized 
peptides der ived from POMC, we can extend this conclusion of coordinate 
inhib i t ion by GABA to the ent i re POMC family of peptides 
Unti l now, dopamine has been considered to be the physiological ly most 
important factor fo r the inhib i t ion of MSH release in amphibians This con-
clusion has been based on the demonstration of catecholammergic innervat ion 
of the lobe, and the effectiveness of dopamine in inh ib i t ing MSH release both 
in vivo and m vitro. We have now shown tha t the pars intermedia of Xenopus 
contains a r ich GABAergic innervat ion and that GABA is a potent inh ib i to r of 
MSH release We therefore propose that GABA is a physiological ly important 
factor fo r regulat ion of the pars intermedia of Xenopus laevis 
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Chapter 6 
CHARACTERIZATION OF GABA RECEPTORS IN THE NEUROINTERMEDIATE 
LOBE OF THE AMPHIBIAN XENOPUS LAEVIS 
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ABSTRACT 
The neurot ransmi t ter GABA is involved in the regulat ion of secretion of 
melanocyte st imulat ing hormone (MSH) f rom the intermediate lobe of Xenopus 
laevis. The purpose of th is s tudy was to ident i fy the GABA receptor(s) 
i nvo lved , by determination of the effect of specif ic receptor agonists and 
antagonists on the release of immunoreactive MSH from superfused neurom-
termediate lobes of Xenopus Exogenous GABA induces a rapid inhibi t ion of 
MSH secretion There was no evidence fo r a t r ans i t o ry st imulatory effect of 
GABA as reported for the rat melanotropes Both the GABAa agonists homo-
tau rme and isoguvacme and the GABAb agonist baclofen inhibi ted MSH release 
in a dose-dependent manner. In vivo, homotaurme and baclofen caused aggre-
gation of pigment m dermal melanophores. The MSH-release inh ib i t ing effect 
of homotaurme and isoguvacme could be antagonized by the specific GABAa 
receptor antagonist b icucu l lme. However, b icucul lme and Picrotoxine fai led 
to block the effect of exogenous GABA. A l together we conclude that m the 
neuromtermediate lobe of Xenopus laevis both GABAa and GABAb receptors 
are present , suggest ing a dual inh ib i to ry regula t ion. 
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INTRODUCTION 
Gamma-ammobutyric acid (GABA) is recognized as a neurotransmit ter m 
neuroeffector systems of invertebrates (1) and is now also considered an 
important t ransmi t te r wi th in the central nervous system of ver tebrates (2, 3, 
4) Recent at tent ion has been focused on a possible neuroendocrine funct ion 
for GABA. Immunohistochemical studies have revealed a r ich GABAergic f iber 
network in the median eminence of the rat hypothalamo-hypophyseal complex 
and an addit ional GABAergic plexus wi th in the pars intermedia of th is species 
(5, 6 ) . In vitro studies have shown that GABA inhib i ts release of both p ro -
lactin from rat p i t u i t a ry lactotropes (7, 8 ) , and melanocyte st imulat ing hor-
mone (MSH) f rom melanotropes of the rat intermediate lobe (9 ) . The effect of 
GABA on pro lact in release was clearly inh ib i to ry Its effect on MSH release 
appears to be more complex, possibly owing to the presence of two types of 
GABA receptors on rat melanotropes Both Tomiko et al (9) and Demeneix et 
a l . (10) have found that exogenous GABA induces a biphasic effect on MSH 
secret ion, consist ing of an ini t ial st imulatory phase followed by inhib i t ion 
Pharmacological experiments suggest that the stimulation of MSH release might 
be caused by interact ion of GABA with a GABAa receptor , while inhib i t ion is 
induced th rough the more recently defined GABAb receptor (10, 11) 
We have recent ly extended the f i nd ing of GABAergic innervat ion of the 
pars intermedia to an amphibian species, the toad Xenopus laevis (12) . In 
the amphibian MSH regulates the dispersion of pigment in dermal melanophores 
and thus the GABAergic plexus of the intermediate lobe could have an impor-
tant physiological f unc t i on , namely the regulat ion of MSH release du r i ng the 
process of black or whi te background adaptation Our immunohistochemical 
s tudy indicated tha t GABA containing nerve terminals are m intimate contact 
wi th the melanotropes (12) Th i i - * s tudy f u r t h e r indicated that in the toad, 
GABA does not exer t a biphasic effect on MSH secret ion, but rather produces 
a very rapid inhib i t ion on the secretory process. This might suggest that the 
GABA receptor prof i le of the melanotropes of Xenopus d i f fe rs f rom that of the 
ra t . To resolve th is issue we have now examined the effects of specif ic 
GABAa and GABAb receptor agonists and antagonists on the release of MSH 
from superfused neuromtermediate lobes of Xenopus laevis Since the sensi-
t i v i t y of excised pars intermedia t issue to secretagogues depends on the 
physiological state of the animal (13) , we have also compared the effect of 
GABA on secretion from neuromtermediate lobes of wh i te- and b lack-
background adapted toads. In addi t ion, the effects of injection of GABA-
receptor agonists on the state of dispersion of pigment m dermal melanophores 
was s tud ied . 
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MATERIALS AND METHODS 
Animals 
Xenopus laevis were b r e d in our aquatic f a c i l i t y . In most experiments neu-
romtermediate lobes f rom b l a c k - b a c k g r o u n d adapted animals were used, 
a l though some were conducted wi th lobes from w h i t e - b a c k g r o u n d adapted ani­
mals. Before the exper iments, animals were maintained f o r f o u r weeks m black 
or whi te buckets under constant i l lumination at 22 C. 
In vitro superfusion experiments 
Superfusion was performed m a system contain ing f o u r independent s u p e r f u -
sion chambers, as descr ibed earl ier (12, 13). The medium contained 112 mM 
NaCI, 2 mM KCl, 2 mM C a C l j , 15 mM Hepes pH 7 38, 0 3 mg/ml BSA, 2 mg/ml 
glucose. It was aerated wi th carbogen. Each neuromtermediate lobe was 
placed m a 10 yl superfusion chamber, and medium was superfused at a rate 
of 1 5 ml/h at a temperature of 22C Usually one neuromtermediate lobe was 
used per chamber and f ract ions were collected every 7 5 minutes for MSH 
radioimmunoassay. To invest igate the presence of a possible biphasic response 
th is protocol was a l tered as fol lows: 2-mm fract ions were collected and each 
chamber contained t h r e e lobes to ensure that the level of MSH in each super-
fusion f r a c t i o n was w i t h i n the standard c u r v e of the radioimmunoassay Al l 
experiments were performed at least m t r i p l i c a t e Results are expressed as 
percentage of basal secretion where 100oo basal secretion was defined as the 
average amount of MSH m several f ract ions before secretagogue addi t ion, or 
in between the f i r s t and second period of secretagogue a d d i t i o n . Those f r a c ­
t ions used to determine basal release are indicated in the f i g u r e captions. 
Results of ind iv idual experiments were averaged and SEM values were calcu­
lated. 
Identification of CABAergic receptors 
For th e character izat ion of GABAergic receptors we used GABAa and GABAb 
receptor agonists and antagonists d u r i n g specific periods of the superfus ion. 
Isoguvacme (Cambridge Research Biochemicals) is a selective agonist for the 
GABAa receptor ( 1 4 ) . Homotaurme ( k i n d l y p r o v i d e d by Dr С A Maggi, I ta­
ly) is a GABAa agomst/GABAb antagonist (15, 16). Muscimol is predominant­
ly a GABAa agonist. Baclofen (Ciba-Geigy) is a specif ic GABAb agonist (17, 
18). Both Picrotoxine (Sigma) and (-)b icucul l ine-methiodide (Sigma) are spe­
cif ic GABAa antagonists (14) . The usual experimental protocol m these p h a r ­
macological experiments was f i r s t a 15-min pulse of a receptor-agonist (2 
superfus ion f r a c t i o n s ) , fol lowed by a recovery per iod of approximately 1 h, 
a f ter which the receptor-antagonist was appl ied. D u r i n g th is application a 
second pulse of receptor agonist was given (see Resul ts) . 
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R adioìmmu noassay 
The specif ic radioimmunoassay fo r a-MSH was performed wi th an ant iserum 
that was character ized ear l ier (19). I t has equal react iv i ty to des-
acetyl-a-MSH and a-MSH. The assay sens i t iv i ty threshold was 5 p g . Details 
concerning the radioimmunoassay have been reported (12) . 
In vivo administration of С AB A-receptor agonists 
In vivo administrat ion of GABA, baclofen, or homotaunne was performed 
t h r o u g h intraper i toneal injection of these substances, dissolved in 100 μΙ 
salme. Doses used are indicated m the r e s u l t s . Control animals were saline 
in jected. The degree of pigment dispersion in the dermal melanophores was 
determined according to the index of Hogben and Slome (20) . Differences in 
melanophore index were tested f o r s igmf icancy wi th the Mann-Whitney-U t e s t . 
RESULTS 
Characteristics of CABA-induced inhibition of MSH secretion 
GABA caused a v e r y rapid inhib i t ion of MSH secret ion, which was already 
evident 2 to 4 minutes af ter the administrat ion of th is neurotransmit ter t o the 
superfusion medium ( F i g . l a ) Th is inh ib i t ion was dose dependent a n d , f o l ­
lowing each pulse of GABA, MSH release r e t u r n e d v e r y rapid ly to its basal 
level. We also examined the effect of GABA on MSH secretion from n e u r o i n -
termediate lobes of w h i t e - b a c k g r o u n d adapted animals. Lobes from w h i t e -
adapted animals general ly show decl in ing baselines of MSH secret ion. At all 
concentrat ions t e s t e d , the secretagogue inh ib i ted MSH release (Fig l b ) . 
Effects of CABAa receptor antagonists on CABA-induced inhibition of 
MSH secretion 
Possible antagonism of the GABA-mduced inhib i t ion of MSH secretion by the 
GABAa receptor antagonists Picrotoxine and ( - ) b i c u c u l l i n e was invest igated by 
addit ion of these compounds 30 to 60 minutes before the administrat ion of a 
mixture of GABA and the antagonist as indicated m the f i g u r e s . Addi t ion 
w i t h i n the same experiment of GABA alone served as internal control The 
results show that these pharmacological agents had no effect on basal MSH 
secretion nor on the GABA-mduced inhib i t ion of secretion (Fig 2) 
Effect of CABAb receptor agonist 
Baclofen i n h i b i t e d release of MSH m a dose-dependent manner ( F i g . 3 ) . 
Except at v e r y h igh concentrat ions (10 M ) , th is inh ib i t ion was readi ly and 
completely r e v e r s i b l e . Baclofen was approximately ten times more potent than 
GABA in i n h i b i t i n g the in vitro secretion of MSH. The baclofen-mduced i n h i b ­
it ion of MSH secretion could not be antagonized by b icucul lme (not s h o w n ) . 
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Fig 1 (left) Inhibitory effect of GABA on basal release of MSH during in 
vitro superfusion of neuromtermediate lobes of black background adapted 
Xenopus laevis Three 12-min pulses of GABA were given as indicated m the 
figure Superfusion fractions of 2 mm were collected several fractions before 
GABA administration, during its administration, and for several fractions fol­
lowing its administration The remaining fractions were of 6 mm duration 
Collected fractions were submitted to radioimmunoassay Figure represents the 
average of 4 superfusion experiments, each superfusion chamber containing 3 
neuromtermediate lobes Results are expressed as % basal release, 100% was 
defined m each experiment as the average MSH value in the three fractions 
just prior to the f irst pulse of GABA (indicated as fil led circles) These val­
ues were 97 155, 114 and 97 pg MSH/50 yl sample of superfusion fraction 
Vertical bars indicate SEM (r ight) Inhibitory effect of GABA on basal 
release of MSH from neuromtermediate lobes of white-background adapted 
Xenopus laevis Three 15-min pulses of GABA were given as indicated in the 
f igure 7 5-mm fractions were collected for radioimmunoassay Results repre­
sent the average of two independent lobes The 100% values of basal release 
of MSH were defined from the average secretion m fractions 11-12 They were 
respectively 644 and 2876 pg Vertical bars indicate -SEM 
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Fig 2 Lack of effect of GABAa receptor antagonists bicucull ine and the CI 
lonophore blocker Picrotoxine on the GABA induced inhibition of basal release 
of MSH from Xenopus laevis neuromtermediate lobes In each experiment 
t h r e e 15-min pulses of GABA (3 3 χ 10 M) were given as indicated in the 
f i g u r e T h e administration of antagonists was started several fractions before 
the second GABA pulse and terminated several fractions a f t e r this pulse 
Results represent the average of three independent lobes for both e x p e r i ­
ments In each superfusion the 100% values were the average MSH value in 
fractions 18-19-20 For the individual lobes these were bicucull ine e x p e r i ­
ment, 734 p g , 320 p g , 472 p g , Picrotoxine experiment, 4 6 0 p g , 540 p g , 300 
pg V e r t i c a l bars indicate -SEM 
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Fig 3 I n h i b i t o r y effect of t h e GABAb receptor agonist baclofen on basal 
release of MSH from superfused neuromtermediate lobes of Xenopus laevis 
T h r e e 15-min pulses of baclofen (3 3 χ I O " 7 , I O " 6 , 3 3 χ Ι Ο " 6 Μ) w e r e given 
Figure represents the average of 5 independent neuromtermediate lobes In 
each case the 100% value f o r basal release was the a v e r a g e MSH value in f r a c ­
tions 11-12 T h e y were respectively 416 p g , 1184 p g , 1396 p g , 468 pg and 
940 pg Vert ical bars indicate -SEM 
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F i g . 4 I n h i b i t o r y e f f e c t of G A B A a r e c e p t o r a g o n i s t s on basal release of MSH 
f r o m s u p e r f u s e d n e u r o i n t e r m e d i a t e lobes of Xenopus laevis ( l e f t ) and the 
a n t a g o n i s m of t h i s i n h i b i t i o n b y t h e GABAa r e c e p t o r a n t a g o n i s t b i c u c u l l i n e 
( r i g h t ) In each e x p e r i m e n t t h r e e 15-min pulses of G A B A a r e c e p t o r agonist 
w e r e g i v e n as i n d i c a t e d in t h e f i g u r e . In e x p e r i m e n t s w i t h b i c u c u l l i n e , a d m i n ­
i s t r a t i o n of t h i s a n t a g o n i s t was s t a r t e d s e v e r a l f r a c t i o n s b e f o r e t h e second 
G A B A p u l s e a n d was c o n t i n u e d f o r severa l f r a c t i o n s a f t e r t h i s p u l s e . Results 
in each e x p e r i m e n t r e p r e s e n t t h e average of 3-4 i n d e p e n d e n t l o b e s ; 100% basal 
release f o r t h e a g o n i s t and a g o n i s t / a n t a g o n i s t e x p e r i m e n t s w e r e r e s p e c t i v e l y 
( A ) 1263, 425, 757 and 682, 478, 936, 338 p g , ( B ) 893, 633, 398 and 309, 
367, 289 p g , ( C ) 117, 95, 77 a n d 432, 376, 346, 378 p g V e r t i c a l b a r s i n d i ­
cate -SEM 
Effects of С AB Aa receptor agonists /antagonists 
Homotaurine inh ib i ted MSH secretion m a dose-dependent manner and th is 
inhibi t ion could be antagonized by b icucul lme ( F i g . 4 a ) . Effect ive concentra-
-7 -fi 
t ions of homotaurine ranged between 10 and 10 M. At v e r y low concentra-
-8 t ions of homotaurine (10 M) a s l i g h t l y st imulat ing effect on MSH secretion 
was not iced, followed by a s l ight i n h i b i t o r y e f f e c t . Isoguvacine also i n h i b i t e d 
MSH release, b u t only at concentrations of 1 0 " 5 to ΙΟ" 4 M ( F i g . 4 Ь ) . At I O " 5 
M of isoguvacine a similar st imulatory and i n h i b i t o r y effect was observed as 
noted f o r homotaurine Lower concentrat ions of isoguvacine were completely 
ineffect ive (resul ts not shown) The isoguvacme-mduced inhib i t ion of secre­
tion could be antagonized by bicucul lme (Fig 4 b ) . Muscimol caused inh ib i t ion 
of MSH release in concentrat ions of 10 to 10 M and th is inh ib i t ion was 
large ly , b u t not completely, antagonized by b icucul lme ( F i g . 4 c ) . The 
homotaurme-mduced inhib i t ion of MSH release could not be inf luenced by the 
dopamine D-2 receptor blocker su lp i r ide m a concentrat ion of 10 M (Fig 
5) 
7. basal level (MSH) 
HOMOTAURINE + SULPIRIDE 
SULP 10"5M 
10 15 20 25 30 35 АО A5 50 
traction no. 
Fig 5 Lack of effect of the dopamine D-2 receptor antagonist bicucullme on 
the homotaunne-induced inhibition of basal release of MSH from Xenopus lae-
VI5 neurotntermediate lobes T h r e e 15-min pulses of homotaurine (10 M) 
were given as indicated in the f i g u r e T h e administration of sulpir ide was 
started several fractions before the second pulse of homotaurine and terminat­
ed several fractions after this pulse Results represent the average of t h r e e 
independent lobes for both experiments 100% Value was the average MSH v a l ­
ue in fractions 15-16-17 For the individual lobes these were 789, 475, 967 
pg Vert ical bars indicate -SEM 
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In vivo effects of САВА and САВА agonists 
GABA and both baclofen and homotaurine caused a dose dependent aggrega­
tion of pigment m dermal melanophores of the skin (Fig 6) At 10 moles/g 
body weight GABA caused a complete pigment aggregation (melanophore index 
1-2) similar t o t h a t observed m f u l l y w h i t e - b a c k g r o u n d adapted animals A 
-6 
similar aggregat ion could be achieved wi th baclofen at a dose of 10 moles/g 
body weight Homotaurine showed its maximum effect of pigment aggregation 
at 10 moles/g body weight The maximum pigment aggregation achieved 
w i t h homotaurine was an index of 2 The pigment aggregations observed wi th 
GABA treatment were always completely revers ib le w i t h i n a few hours. This 
re lat ive ly rap id reversal was also the case w i t h low concentrations of homotau­
r ine and baclofen At the highest concentrations of homotaurine and baclofen 
that were t e s t e d , the animals stayed pale for as long as 12 hours 
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Fig 6 Comparison of the effect of in vivo administration of GABA (as pub­
lished in Endocrinology 118 260 267, 1986) and GABA receptor agonists on 
the melanophore index of Xenopus laevis Each g r o u p consisted of t h r e e a n i ­
mals T h e doses injected are indicated as moles/g body weight (BW) All 
treatments with the exception of 10 moles/g BW of GABA and 10 moles/g 
BW of homotaurine led to a significant reduction in melanophore index (p < 
0 05) 
DISCUSSION 
In contrast to the s i tuat ion in mammals, t h e f u n c t i o n of the melanotropes 
of t h e amphibian pars intermedia is well d e f i n e d . They funct ion as neuroen­
docr ine t r a n s d u c e r s in the neuroendocrine ref lex regulat ing pigment migration 
w i t h i n dermal melanophores d u r i n g the process of b a c k g r o u n d adaptation Our 
motivat ion f o r examining neuromtermediate lobes of both whi te- and black-
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background adapted animals was the fact that the pars intermedia d i f f e r s 
s t r u c t u r a l l y ( 2 1 , 2 2 ) , m biosynthet ic a c t i v i t y (23) and m t issue s e n s i t i v i t y to 
secretagogues (13, 2 4 ) , between the two condit ions For example, melano­
tropes f rom w h i t e - b a c k g r o u n d adapted Xenopus, which m the l i v i n g animal 
are under tonic i n h i b i t i o n , have extremely low biosynthet ic capacity In the in 
vitro s i t u a t i o n , where the tonic inhibi t ion is removed, the rate of release of 
MSH exceeds the rate of p r o d u c t i o n , thus accounting f o r the decl in ing base­
line of MSH release observed f o r superfused Jobes of these animals In con­
t r a s t , the pars intermedia of Ы а с к - b a c k g r o u n d adapted animals have a high 
rate of MSH biosynthesis and secretion a n d , when placed in vitro, these lobes 
usually maintain a re lat ive ly constant rate of MSH release Our present 
results show that GABA is capable of i n h i b i t i n g MSH secretion from n e u r o m -
termediate lobes of black- and w h i t e - b a c k g r o u n d adapted animals Given the 
d i f f i c u l t y m conduct ing experiments m which there is a decl in ing baseline of 
release, no attempt was made to determine the complete dose-response rela­
t ionship m lobes of wh i te-background adapted animals From the experiments 
conducted, however, we conclude that t h e r e is no remarkable d i f f e r e n c e m 
t issue s e n s i t i v i t y to GABA between lobes from whi te- and b l a c k - b a c k g r o u n d 
adapted Xenopus The complete dose-response relat ionship f o r GABA-mduced 
inhibi t ion of MSH release from neuromtermediate lobes of b l a c k - b a c k g r o u n d 
adapted animals has been reported elsewhere (12) 
A l though m our previous study we already suggested that the response 
of Xenopus neuromtermediate lobe t issue to exogenous GABA was not b ipha-
sic, we have now re-exammed th is issue using shorter collection times This 
experimental protocol was expected to reveal any immediate st imulatory effects 
of GABA, if t h e y exist The results showed that GABA has no effect d u r i n g 
the f i r s t two minutes of administrat ion and induced a clear inh ib i t ion w i t h i n 4 
minutes This extends o u r earl ier f i n d i n g and contrasts wi th the results 
reported f o r the rat (9, 10), where GABA stimulates release for several min­
utes before i n h i b i t i n g the secretory process 
From o u r results we conclude that exogenous GABA inh ib i ts MSH release 
pr imar i ly t h r o u g h a GABAb receptor mechanism We base th is conclusion on 
the observat ion that the GABA-mduced inhib i t ion could not be antagonized to 
any detectable extent by the selective GABAa receptor antagonists (14) 
( - ) b i c u c u l l i n e and Picrotoxine Moreover, baclofen, a selective agonist f o r 
GABAb receptors (17, 18) was extremely potent m inducing inh ib i t ion of MSH 
release. 
The simplest explanation f o r the d i f ference between Xenopus and the rat 
in t h e i r melanotrope response to exogenous GABA would be t h a t Xenopus 
melanotropes lack a GABAa receptor w h i c h , in the rat ( 1 0 ) , is bel ieved to be 
responsible f o r the st imulatory phase of the secretory response t o GABA 
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That Xenopus possesses a GABAa receptor however, is indicated by the fact 
that th ree d i f fe ren t GABAa receptor agonists were all shown to inh ib i t MSH 
secretion f rom superfused neuromtermediate lobes isoguvacme (14), homotau-
rme (15, 16) and muscimol (14) Moreover, appl ication of these GABAa 
receptor agonists in vivo leads to a rapid blanching of the animal Most dec i -
sive in demonstrat ing a GABAa receptor is the observat ion that b icucul lme 
could completely antagonize the effect of the specif ic GABAa receptor agonists 
on the release of MSH from the superfused lobes We therefore conclude that 
the neuromtermediate lobe of Xenopus laevis possesses GABAa receptors, 
act ivat ion of which leads to inhib i t ion of MSH release One phenomenon wor th 
mentioning concerning the response of Xenopus lobes to isoguvacme and 
homotaurme is that occasionally we found a s l ight st imulation of release which 
was followed by a s l ight inh ib i t ion This effect was rest r ic ted to a confined 
region of the dose-response cu rve , namely the lowest ef fect ive concentrations 
of these GABAa receptor agonists. Therefore we do not consider this f i nd ing 
comparable to the st imulatory effect established for the rat melanotrope. 
GABAa receptor agonists could possibly have an ind i rect effect on MSH 
secret ion, such as st imulat ing dopamine release from terminals wi th in the neu-
romtermediate lobe t issue Dopamine is a potent secretagogue in inh ib i t ing 
MSH release from amphibian melanotropes (25, 26) . That th is indi rect mecha-
nism is not involved is obvious from the fact that the dopamine D-2-receptor 
antagonist su lp i r ide , which we have shown to be ef fect ive in blocking the 
dopamine-mduced inhib i t ion of MSH secretion (27) , had no effect m antagon-
izing GABAa receptor induced inhib i t ion of MSH secret ion. 
Character izat ion of GABAa receptors has shown that they funct ion as a 
CI lonophore, wi th l igand b ind ing usually leading to an inf lux of CI and 
consequently a hyperpolanzat ion of cells possessing th is receptor type (28) 
For melanotropes of the ra t , however, electrophysiological studies indicate 
that GABAa receptor act ivat ion leads to a depolarization (11 , 29), an observa-
t ion consistent wi th the observed st imulatory action associated wi th th is 
receptor type on the secretory process of the melanotropes (11) Presumably, 
the electrochemical equi l ibr ium point of the CI ion in the rat melanotrope 
d i f fe rs from that of the rat lactotrope (7 , 8) and, as indicated by our s tud -
ies, f rom the melanotrope of Xenopus laevis as well In both of these lat ter 
cases, GABAa receptor act ivat ion leads to inh ib i t ion of the secretory process, 
the expected response to cell membrane hyperpolanzat ion 
The physiological signif icance of the presence of two types of GABA 
receptors on the melanotropes of both the rat and the toad remains to be 
resolved. For example, one might question the signif icance of the GABAa 
receptor in the ra t , where any st imulatory effect it might have on MSH secre-
t ion is rap id ly quenched by GABA-mduced inhib i t ion th rough a GABAb recep-
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t o r mechanism Simi lar ly, our in vitro observat ions indicate t h a t in the toad a 
d i f fuse del ivery of GABA inhib i ts the melanotrope t h r o u g h a GABAb mecha­
nism If however, the GABAergic innervat ion of the pars intermedia contains 
h ighly d i rected synapses, possibly from two d i f f e r e n t GABAergic n e t w o r k s , 
then the two GABA receptor mechanisms could f u n c t i o n independent ly . In 
such a case the GABAa receptor could also have an important role m regulat­
ing the pars intermedia Immunohistochemical studies indicate f o r both the 
rat (5, 6) and the toad (12) that the GABAergic innervat ion of the in termedi­
ate lobe is m close p r o x i m i t y to the melanotrope, and t h e r e f o r e dual regula­
tion could be p r e s e n t . 
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Chapter 7 
GABA AND DOPAMINE ACT DIRECTLY ON MELANOTROPES OF 
XENOPUS TO INHIBIT MSH SECRETION 
Brain. Res. Bull. 17 (1986} 
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ABSTRACT 
The release of melanophore st imulat ing hormone (MSH) from the pars 
intermedia of the amphibian Xenopus laevis is regulated by mult iple factors of 
hypothalamic o r i g i n . The aim of th is s tudy was to determine if potential 
secretagogues func t ion t h rough a d i rect action on the melanotrope cel l . For 
th is purpose an ¡n vitro superfusion system containing isolated melanotropes 
(cell suspension) was u t i l i zed . The v iab i l i t y of the cells in suspension was 
tested by examining the i r ab i l i ty to synthesize, process and release p ro -
opiomelanocortin (POMC) related peptides Al l b iosynthet ic funct ions appeared 
normal, w i th the except ion that the isolated melanotropes are unable to 
N-termmal ly acetylate MSH. Release of immunoreactive-MSH from these cells 
2+ + 
was shown to be Ca -dependent , and high К stimulated release Both the 
neurotransmit ters dopamine and ï - ammobu ty r i c acid (GABA) , which are 
though t to be physiological ly important MSH-release inh ib i t ing fac tors , were 
shown to inh ib i t MSH release from the isolated melanotropes. Dopamine 
appeared to funct ion th rough a dopamine D-2 t ype receptor mechanism while 
fo r GABA, both a GABAa and GABAb receptor mechanism are invo lved. 
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INTRODUCTION 
The regulat ion of dispersion of the black pigment melanin m dermal mela-
nophores of amphibians is an example of a neuroendocrine reflex ( 1 ) . Most 
amphibians, when placed on a black b a c k g r o u n d , release melanophore-
st imulatmg hormone (MSH) from the pars intermedia of the p i t u i t a r y gland 
and consequently t h e r e is a darkening of the s k i n . While it is t h o u g h t t h a t 
central integrat ion of the environmental i n p u t (color of b a c k g r o u n d ) would 
play an important role m determining the rate of MSH secret ion, a considera­
tion of the complexity of the innervat ion of the pars intermedia of amphibians 
suggests t h a t neuronal events wi th in the intermediate lobe itself may be an 
important factor m th is i n t e g r a t i o n . For example, in the aquatic toad Xenopus 
laevis, a dopaminergic system (24, 2 5 ) , an adrenergic system (9) and a 
GABAergic system (29) have been described wi th in the pars intermedia. More­
o v e r , it has been shown that both dopamine (10, 14) and α-adrenergic recep­
t o r agonists (28) as well as GABA (29) i n h i b i t MSH release from incubated 
neuromtermediate lobes of th is species In studies wi th intact n e u r o m t e r m e d i -
ate lobe t issue the question arises if the secretagogues affect MSH release 
t h r o u g h an action d i r e c t l y on the melanotrope cells The a l ternat ive is an 
indirect act ion, such as GABA-mduced release of dopamine, a phenomenon 
known to occur m the central nervous sytem (23) . To determine to what 
extent the pars intermedia melanotrope cell might be involved in i n t e g r a t i n g 
signals from the d iverse neuronal systems w i t h i n the neuromtermediate lobe 
t issue, we are examining the effects of secretagogues on the release of immu-
noreactive MSH from isolated superfused melanotrope cel ls. The present 
s t u d y describes o u r preparat ion of melanotrope cell suspension and shows that 
both dopamine and GABA act d i r e c t l y on these cel ls. 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were b r e d and reared in our aquatic f a c i l i t y Prior to the 
experiment the animals were kept for f o u r weeks on a black b a c k g r o u n d 
under constant i l lumination at 22C. 
Preparation of cell suspension 
Neuromtermediate lobes were e x t i r p a t e d , r insed m incubation medium (IM) 
containing 112 mM NaCI, 2 mM KCl, 2 mM C a C l j ^ H ^ , 2 mg/ml glucose, 15 
mM Hepes pH 7 38 The medium was preaerated w i t h carbogen. The t issue 
was subsequent ly t r a n s f e r r e d to 1.5 ml IM to which was added 3 mg/ml bovine 
serum albumin (BSA, Sigma Fraction V ) , 1 mg/ml collagenase (Sigma) and 
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1.25 mg/ml dispase (grade II lyophi l isât , Boehrmger) and incubated for 1 h 
in a shaking water bath at 22C Af ter cent r i fugat ion (10 mm, 200 g , 22C) the 
pellet was carefu l ly suspended in 1.5 ml Ca-f ree medium to which 3 mg/ml 
BSA and 0.4 mg/ml EDTA were added. The suspension was cen tn fuged , 
resuspended in 1 5 ml Ca- f ree medium with 3 mg/ml BSA and 1.25 mg/ml d is -
pase and incubated fo r 30 mm at 22C wi th shak ing . Tissue fragments were 
then allowed to sett le and the supernatant containing melanotropes m suspen-
sion ( f rac t ion 1) was saved The fragments were r insed and retreated wi th 
Ca- f ree medium containing BSA and dispase, and cen tn fuged for 3 mm at 200 
g over a nylon f i l t e r (pore size 0 15 mm) The collected cell suspension 
( f rac t ion 2) was combined wi th f ract ion 1 and cen tn fuged (10 mm 200 g ) . 
The pellet was r insed and resuspended f i r s t m medium containing 3 mg/ml 
BSA, 0.8 mg/ml EDTA. Final ly i t was cen tn fuged and suspended in IM wi th 
0.3 mg/ml BSA. All glassware was siliconized 
The percentage of cell death was established wi th t r ypan blue and cell 
y ie ld was estimated wi th a haemocytometer Pars nervosa remnants were 
t raced by cytochemical staining with an t i -oxy tocm. 
Pulse-chase incubation of neurointermediate lobe tissue or Isolated mela-
notrope cells. 
Neuromtermediate lobe t issue was ex t i rpa ted , r insed m IM and given a pulse 
incubation in 200 yI IM containing 40 μΟ [ Η ] l y s i n e (75 Ci/mmol, Amersham), 
on a shaking water bath at 22C. Tissue was r insed in IM and chase incubated 
m 200 υΙ medium contain ing L-lysme (2 mM). It was then homogenized in 500 
І ice-cold 0.1 N HCl m a glass homogenizer and c e n t n f u g e d (10 mm, 10 000 
g , 4C) The supernatant was stored at -20C before it was submitted to high 
performance l iqu id chromatoqrgphy (HPLC) f o r separation of pept ides. The 
incubation medium was acidi f ied wi th 20 yl 1 N HCl and kept at -20C before 
chromatography. 
For pulse-chase analysis of cell suspensions, the cell-pellets were resus­
pended m 200 yl IM Pulse incubation was s tar ted by addit ion of 100 yl IM, 
contain ing 40 yCi [ H ] l y s i n e . Cells were subsequently c e n t n f u g e d (10 mm 
200 g , 22C) and the pellet resuspended f o r chase-mcubation in 500 yl IM wi th 
L-lysme (2 mM). Following th is incubation cells were c e n t n f u g e d , resus­
pended in 500 yl 0.1 N HCl and homogenized Cell debr is was removed by 
c e n t r i f u g a t i o n (10 m m , 10 000 g , 4C) and the supernatant was submitted to 
HPLC Chase medium was acidif ied wi th 20 yl 1 N HCl before submission to 
HPLC. Al l incubation times are given m the f i g u r e legends. 
A similar experiment t o that described above was conducted wi th 40 yCi 
[ H ] t r y p t o p h a n (52 Ci/mmol, Amersham) as label. In th is experiment each 
HPLC f r a c t i o n was d i v i d e d ; p a r t was used f o r analysis of radioactive peptides 
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and part was submitted to radioimmunoassay f o r analysis of n-MSH related 
peptides. 
HPLC analysis of radioactive peptides 
Peptides were separated on a s p h e n s o r b 10 ODS column (Chrompack, Middel­
b u r g , The Nether lands) . The pr imary solvent was 0.5 M formic acid/0.14 M 
p y r i d i n e , pH 3.0 (A) and elution was accomplished wi th a g r a d i e n t of 
n-propanol ( B ) . The elution prof i le is indicated in f i g . 1 Fractions of 0.5 
mm were col lected, 4 ml of scint i l lat ion f l u i d (Packard 199) were added f o r 
subsequent determination of radioact iv i ty m a l iqu id scint i l lat ion counter . 
Radioimmunoassay of a-MSH 
The C-termmal d i rected antiserum to a-MSH was produced and character ized 
by V a u d r y et al. (27) . It has equal r e a c t i v i t y to α-MSH and des-
acetyl-a-MSH. Bound and unbound MSH were separated by precip i tat ion w i t h 
polyethyleneglycol (7.5co). Sensi t iv i ty t h r e s h o l d of the assay is 5 p g . 
Superfusion of isolated melanotropes 
Cells were suspended m a small volume of incubation medium and loaded m a 
50 yl superfusion chamber wi th a mil l ipore 0 45 ym f i l t e r ( t y p e HA) at the 
out let to support a layer of biogel P2 ( B i o r a d ) . Following loading the cham­
ber was f i l led w i t h biogel. Medium was pumped wi th a per ista l t ic pump at a 
rate of 1.5 ml/h and 7.5 mm fract ions were collected m 100 yl ice-cold 0 1 N 
HCl. Fractions were stored at -20C before submission to radioimmunoassay. 
A f t e r an equi l ibrat ion period of approximately 1 h the effect of calcium-free 
medium with 0.5 mM EGTA, or high К (osmolanty maintained by addit ion of 
NaCI) was established by g i v i n g 15 mm pulses of the modified media. For 
+ 
comparative purposes the effect of high К on MSH release from intact neu-
romtermediate lobe t issue was invest igated. Lobes were placed in a 10 yl 
superfusion chamber and superfusion was performed as descr ibed ear l ier (28, 
29). 
The effect of dopamine and/or GABA was invest igated by g i v i n g 15 mm 
pulses of these neurotransmit ters to the superfused melanotropes. In a d d i t i o n ­
al experiments the dopamine D-2-receptor antagonist su lp i r ide (Delagrange), 
the GABAa agonists homotaurme ( k m d y p r o v i d e d by Dr С A. Maggi, I ta ly) 
and isoguvacine (Cambridge Research Biochemicals) and the GABAb agonist 
baclofen (Ciba Geigy) were used. 
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RESULTS 
Analysis of cell suspension viability 
Average y ie ld of cells was 18000 per neuromtermediate lobe. Microscopical 
analysis showed that the suspension consisted fo r the most par t of indiv idual 
cells wi th occasional cohesion of two or three cel ls. Percentage of cell death 
was estimated to be 12%. As judged from the ant i -oxytoc in cytochemical s ta in-
mg-, the cell suspension was f ree of neural lobe f ragments. The oxytocin 
posi t ive material remained as intact t issue on top of the nylon f i l t e r . 
Radiolabeled lysine was a convenient label fo r our ini t ial b iosynthet ic 
analysis because this ammo acid is present m all POMC-related peptides p rod -
ucts of Xenopus melanotropes (16, 19). Shown m f i g . 1 are the results of 
pulse-chase analysis of intact neuromtermediate lobe t issue and the cell sus-
pension. The HPLC-resolved peptides have been character ized earl ier (19) to 
be: I , y-MSH ; I I , des-acetyl-a-MSH ; IV , co-e lu tmg peptides a-MSH and a 
form of co r t i co t ropm- l i ke intermediate pept ide (CL IP) , designated CLIP I; V , 
a second form of CLIP, designated CLIP I I ; V I , un ident i f ied ; V I I / V I I I , pep-
t ides immunologically related to mammalian ß-endorphin and designated 
endo rphm-hke pept ides. These ear l ier studies fai led to ident i fy ß-MSH. 
Sequence determination of Xenopus POMC-cDNA has revealed that p-MSH is a 
potential b iosynthet ic product of Xenopus neuromtermediate lobes (16) , and 
indeed our subsequent analysis has shown that newly synthesized fi-MSH co-
elutes wi th Ï-MSH m peak I (manuscr ipt m prepara t ion) . Co-elution of two 
peptides may account fo r the relat ively high CPM value associated wi th peak 
I 
The HPLC prof i le of newly synthesized lysine labeled peptides produced 
by and released from cell suspensions is ve ry similar to that displayed by 
intact t issue with the notable exception of the relat ively high contr ibut ion of 
p roduct II (des-acetyl -a-MSH) to the incubation medium of the cell suspension 
( f i g 1) To examine the biosynthesis of a-MSH th is experiment was repeated 
wi th [ H ] - t r y p t o p h a n as label ( the CLIP peptide co-e lu tmg with a-MSH lacks 
t r y p t o p h a n ) . The major t issue form of the newly synthesized a-MSH related 
peptides is des-acety l -a-MSH, although some a-MSH is associated wi th the t i s -
sue ( f i g . 2) The intact t issue secretes both des-acetyl-a-MSH and a-MSH, 
bu t a-MSH now makes a major cont r ibut ion to the HPLC pro f i le . For the cell 
suspension newly synthesized des-acetyl-a-MSH is both the major cellular and 
secretory form of a-MSH related pept ides. There is v i r tua l l y no newly s y n -
thesized a-MSH present ( f ig 2 ) . 
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Fig 1 Comparison of viabil ity of neuromtermediate lobes and isolated i n t e r ­
mediate lobe melanotropes of Xenopus laevts Both intact tissue and cell sus-
pension were given a 1 h pulse-incubation in [ H ] l y s i n e followed by a 3 h 
chase incubation in medium containing L-lysine Tissue e x t r a c t , cell e x t r a c t 
and chase incubation media were submitted to HPLC T h e elution gradient (% 
secondary solvent, B) is given Characterization of the newly synthesized 
peptides ( n u m b e r e d I - V I M ) has been reported earl ier (19) and is summa­
rized in t h e results Arrows indicate a major difference between intact tissue 
and cell suspension, namely the relatively high contribution of product I I to 
the incubation medium of the cell suspension This product has been p r e v i -
souly identif ied as des-acetyl-a-MSH 
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Fig. 2. Analysis of newly synthesized des-acetyl-a-MSH (desAc-n-MSH) and 
a-MSH present in and released from intact neuromtermediate lobes and 
isolated intermediate lobe melanotropes of Xenopus laevls. Neuromtermediate 
lobes or the cell suspension were given a pulse incubation in [ H ] t r y p t o p h a n 
and a 3 . 5 - h chase incubation in medium containing L-tryptophan Lobe 
e x t r a c t s , cell e x t r a c t s , and chase incubation media were then submitted to 
HPLC T h e HPLC elution gradient is identical to t h a t given in Fig. 1 . Tissue 
and cell analysis are given in the upper profi les; analysis of incubation media 
are given in t h e lower profi les. T r y p t o p h a n labeled product I I is des-
a cetyl- o- MS H, product IV is a-MSH and product I represents the co-elutmg 
peptides Ï - M S H and &-MSH. 
no 
-Intact tissue-
20 
desAc-
a-MSHi 
ι— cell suspension 
HPLC elution time (min.) 
Fig. 3. Analysis of immunoreactive MSH present m and released from intact 
neurointermediate lobe and isolated intermediate lobe melanotropes of Xenopus 
laevis Data is derived from the same experiment as that shown in Fig. 2; a 
portion of each HPLC fraction was submitted to radioimmunoassay. Tissue and 
cell analysis are given m the upper profiles, media analysis in the lower pro­
files The peak eluting between 10 and 11 minutes probably reflects a slight 
cross-reactivity of the antiserum to Ï-MSH/&-MSH Insert HPLC analysis of 
tissue extract from an unmcubated neurointermediate lobe 
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Analysis of immunoreactive a-MSH related peptides 
Des-acetyl-o-MSH was the major form of immunoreactive MSH associated wi th 
both t issue ( f i g . 3 , l e f t ) and isolated cells ( f i g . 3 , r i g h t ) . Separate e x p e r i ­
ments (n=3) showed t h a t the percentage of non-acetylated a-MSH was 77 ± 
1.7% in intact t issue and 88 ± 3.0% in isolated melanotropes. 
HPLC analysis of immunoreactive MSH from incubation medium of intact 
t issue shows that des-acetyl-a-MSH and a-MSH make an approximately equal 
c o n t r i b u t i o n to the medium ( f i g . 3, l e f t ) . There is apparent ly a reduction of 
t issue stores of MSH d u r i n g in vitro incubat ion, indicated by the fact that 
th e amount of MSH in the t issue of the incubated lobe is only about 10% of 
that f o u n d in an unincubated neurointermediate lobe ( f i g . 3, i n s e r t ) . Rela­
t i v e to intact t issu e, the cell suspension had a low level of immunoreactive 
MSH ( f i g . 3 , r i g h t ) . These cells released predominant ly the non-acetylated 
form of a-MSH ( f i g . 3 ) . 
MSH release from superfused melanotropes 
Superfused melanotropes had a tendency to show a sloping base-line of MSH 
release ( e . g . f i g . 1 ) . Also, the rate of release of MSH could v a r y widely 
between d i f f e r e n t cell suspension preparat ions. The dif ferences in absolute 
value of MSH released in d i f f e r e n t experiments prec luded averaging of results 
and t h e r e f o r e , where we wished to combine results f rom more than one exper­
iment, they are expressed as a percentage of the basal rate of release ( e . g . 
f i g . 5 ) . In th is case the average level of MSH in the t h r e e superfusion f r a c ­
t ions immediately preceding the pulse of secretagogue was defined as 100% 
basal release f o r each exper iment, and wi th in each experiment all MSH values 
in superfusion f ract ions were then expressed relat ive to th is basal value. 
The rate of release of a-MSH from superfused cells was reduced by g i v -
ing a s h o r t pulse of Ca -free medium ( f i g . 4 ) . A pulse w i t h medium contain-
+ 
ing 60 mM К resul ted in a dramatic increase in the amount of MSH found in 
th e superfusion f r a c t i o n s . This contrasts sharply w i t h the response of intact 
t issue to 60 mM К ( f i g . 4 , i n s e r t ) , where the amount of MSH in the s u p e r f u -
+ 
sion f ract ions decreases. Sulp i r ide had no effect on th is К induced inhib i t ion 
of MSH release. 
Both dopamine and GABA caused a clear reduct ion in the amount of MSH 
released to the superfus ion medium ( f i g . 5 ) . The dopamine-induced inhibi t ion 
was v e r y prolonged ( f i g . 6 ) , b u t could be reversed by s u l p i r i d e , a dopamine 
D-2-receptor antagonist . 
T h e GABAb receptor agonist baclofen and t h e GABAa receptor agonists 
isoguvacine and homotaurine inhibi ted MSH secretion f rom superfused melano­
tropes ( f i g . 7 ) . 
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F i g . 4 . T h e release of i m m u n o r e a c t i v e MSH f r o m s u p e r f u s e d melanotropes of 
Xenopus laevis S u p e r f u s i o n f r a c t i o n s w e r e s u b m i t t e d t o radio immunoassay f o r 
ci-MSH S h o r t pulses (15 m m ) of C a - f r e e medium ( c o n t a i n i n g 0 . 5 mM E G T A ) , 
medium c o n t a i n i n g 60 mM К , o r a c o m b i n a t i o n of t h e t w o t r e a t m e n t s w e r e 
g i v e n as i n d i c a t e d in t h e f i g u r e . Insert· T h e e f f e c t of 60 mM К on t h e 
release of MSH f r o m i n t a c t n e u r o m t e r m e d i a t e lobes. B l a c k b a r i n d i c a t e s t h o s e 
f r a c t i o n s w h e r e s u l p i r i d e ( Ί 0 M) was i n c l u d e d in t h e s u p e r f u s i o n m e d i u m . 
Resul ts are e x p r e s s e d as p e r c e n t basal release (-SEM, n = 4 ) ; 100% basal 
release was d e f i n e d m each e x p e r i m e n t as t h e a v e r a g e amount of MSH in t h e 
t h r e e f r a c t i o n s p r e c e e d i n g t h e f i r s t p u l s e of К ( i n d i c a t e d b y open c i r c l e s ) . 
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F i g 5. T h e e f f e c t of dopamine a n d G A B A o n t h e release of i m m u n o r e a c t i v e 
MSH f r o m s u p e r f u s e d melanotropes of Xenopus laevis Resul ts are e x p r e s s e d 
as p e r c e n t basal release ( i S E M , η =4) Open c i r c l e s i n d i c a t e t h o s e f r a c t i o n s 
used t o d e t e r m i n e 100% basal release S u p e r f u s i o n c o n d i t i o n s a r e d e s c r i b e d in 
Fig 4 . 
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Fig. 6. Effect of dopamine and the dopamine D-2-receptor antagonist sulpiride 
on the release of immunoreactive MSH from superfused melanotropes of Xeno­
pus laevis. Superfusion conditions are described in Fig. 4. 
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Fig. 7. T h e effect of GABA receptor agonists on t h e release of immunoreac­
t ive MSH from superfused melanotropes of Xenopus laevis. Baclofen is a 
GABAb receptor agonist and isoguvacine and homotaurine are GABAa receptor 
agonists. Superfusion conditions are described in Fig. 4. Open circles indi­
cate those fractions used to determine 100% basal level of release. 
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DISCUSSION 
The results of o u r b iosynthet ic studies indicate that the cell suspension 
const i tutes a v iable population of melanotropes The only impairment we could 
detect was t h e i r inabi l i ty to acetylate des-acetyl-a-MSH to form a-MSH This 
observation is i n t e r e s t i n g in that it has been shown that acetylation of MSH in 
the pars intermedia of Xenopus laevis is associated w i t h the secretory process 
(18) The f a i l u r e of isolated cells to acetylate MSH may ref lect the close asso-
ciaton of th is event with exocytosis Possibly, the acetylation system is sensi­
t ive to minor p e r t u r b a t i o n s of membrane s t r u c t u r e or alterations in ionic e n v i ­
ronment Another possible reason for the inabi l i ty of isolated melanotropes to 
acetylate des-acetyl-a-MSH would be that the isolated melanotropes lack a 
physiological s i g n a l , which is necessary f o r the onset of the acetylation p r o ­
cess In separate experiments we have found that the degree of acetylation is 
probably regulated according to the background color to which the animal is 
adapted The secretion-associated acetylation of intact t issue is ref lected m 
the present results by the enhanced c o n t r i b u t i o n of both newly synthesized 
a-MSH and immunoreactive α MSH to the HPLC p r o f i l e of incubation media r e l ­
at ive to t h e i r c o n t r i b u t i o n to the corresponding t issue prof i les The results 
indicate t h a t whi le a small amount of intracel lu lar acetylation is o c c u r r i n g , the 
non-acetylated pept ide remains the major newly synthesized and immunoreac­
t i v e t issue form of a-MSH In c o n t r a s t , pulse-chase analysis wi th rat and 
mouse intermediate lobe t issue or cells show that des-acetyl-a-MSH is acetylat-
ed immediately fo l lowing its biosynthesis (4, 5, 8, 1 1 , 15), not s u r p r i s i n g l y , 
radioimmunoassay analysis of neuromtermediate lobes of these species show 
that des acetyl-a-MSH makes only a v e r y minor c o n t r i b u t i o n to the t issue r e l ­
ative to the c o n t r i b u t i o n of acetylated forms of th is peptide (2, 6, 1 1 , 12, 
22) Goldman and Loh (7) have recently suggested t h a t the major route f o r 
acetylation of MSH in the intermediate lobe of Xenopus laevis is comparable to 
the s i tuat ion m mammals In our op in ion, the fact that des-acetyl-a-MSH is 
the major in t racel lu lar form of MSH in Xenopus makes such a comparison unte­
nable 
As expected f o r a secretory process, the release of immunoreactive MSH 
from superfused melanotropes was found to be Ca -dependent The f i n d i n g 
that high К in the superfusion medium leads to a st imulation of the release 
of MSH was to be expected in that К depolarizes cell membranes More i n t e r ­
est ing is t h e response of intact t issue to h igh К , namely a complete i n h i b ­
it ion of t h e secretion process In that intact neuromtermediate lobe t issue is 
r ich in nerve terminals ( 3 , 9, 20, 24, 25, 2 9 ) , a good assumption is that high 
К induces secretion of a f a c t o r or factors f rom these terminals which subseq­
uent ly i n h i b i t MSH secretion from the melanotrope Indeed, we have found 
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that high К stimulates release of both dopamine and GABA from nerve 
terminals w i th in the neurointermediate lobe t issue ( u n p u b l i s h e d o b s e r v a t i o n ) . 
In view of the presence of at least these two i n h i b i t o r y neurotransmit ter sys­
tems w i t h i n th is t issue, i t is not s u r p r i s i n g that the dopamine receptor antag-
omst s u l p i r i d e fai led to antagonize the К induced inh ib i t ion of MSH secre-
t i o n . An important conclusion we can draw from the results with high К is 
that the isolated melanotropes appear to be free of any i n t e r f e r i n g nerve t e r ­
minals. T h e r e f o r e , m our subsequent studies wi th these cells we consider 
that any effect of secretagogues on release of MSH from the superfused mela­
notropes is due to a d i r e c t action of the secretagogues on the melanotropes 
themselves. 
Dopamine is an important MSH-mhib i tmg factor in mammals and in sub-
mammalian species ( 1 ) . For Xenopus laevis it has been shown that th is neuro­
t r a n s m i t t e r is extremely potent m i n h i b i t i n g release of both MSH (10, 14) and 
o t h e r POMC-related peptides (13, 17) All these studies have been conducted 
w i t h intact neurointermediate lobe t issue The present results establish t h a t , 
m inducing inhib i t ion of MSH release, dopamine acts d i r e c t l y on the melano-
t r o p e ce l l . The observat ion that s u l p i r i d e , a specif ic D-2 receptor antagonist, 
could reverse the dopamme-mduced inhib i t ion indicates that Xenopus melano­
tropes possess dopamine receptors of the D-2 t y p e . 
There are recent indicat ions that the n e u r o t r a n s m i t t e r GABA may also be 
of general importance as an MSH secretagogue A GABAergic f i b e r network 
has been found t h r o u g h o u t the pars intermedia of both the rat ( 2 1 , 31) and 
toad Xenopus laevis (29) and GABA has been shown to affect secretion of 
MSH in these species (26, 29). The response of Xenopus neurointermediate 
lobes to exogenous GABA is a v e r y rapid inh ib i t ion of secretion of immuno-
reactive MSH (29) . Subsequent receptor character izat ion has shown that the 
Xenopus neurointermediate lobe t issue contains GABAa and GABAb receptors. 
Act ivat ion of ei ther of these receptors induces inh ib i t ion of in vitro MSH 
secretion (30) . It is apparent from the present results that the Xenopus lae­
vis melanotrope cell i tself possesses both the GABAa and the GABAb recep­
t o r . Receptor localization at the u l t r a s t r u c t u r a l level wi l l have to resolve 
whether independent GABAergic neuronal systems exist to independent ly u t i ­
lize these two receptor mechanisms. 
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Chapter 8 
REGULATION OF CYCLIC-AMP SYNTHESIS IN AMPHIBIAN MELANOTROPE 
CELLS THROUGH CATECHOLAMINE- AND GABA RECEPTORS 
Life Science. In press. 
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ABSTRACT 
Catecholamines and GABA are neurotransmit ters involved in the regula-
t ion of release of pro-opiomelanocortm (POMC) der ived peptides from the neu-
romtermediate lobe of Xenopus laevis. The present s tudy concerns the rela-
t ion of these neurotransmit ters to the adenylate cyclase system of the 
melanotrope cel l . Dur ing m vitro incubation of isolated melanotrope cells i t 
was found that dopamine, adrenaline and LY-171555 induced inhibi t ion of 
fo rsko lm-s t imula ted cycl ic AMP (cAMP) product ion and concomitantly inhib i ted 
MSH release. 
Act ivat ion of the GABAb receptors by baclofen also induced inhibi t ion of 
cAMP product ion and a-MSH secretion Act ivat ion of the GABAa receptors 
evoked stimulation of cAMP produc t ion , while a-MSH release was s l ight ly 
i nh ib i ted , indicat ing that the GABAa mechanism may prove to be complex. A 
dual regulat ion th rough two subtypes of th is receptor might be invo lved, one 
st imulat ing release th rough the adenylate cyclase system, while the other 
would inh ib i t secret ion. 
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INTRODUCTION 
The secretory cells of the pars intermedia of the p i t u i t a ry gland s y n -
thesize the bioact ive pept ide Melanophore-St imulatmg Hormone (o-MSH). In 
amphibians, these melanotrope cells are involved in the neuroendocrine ref lex 
regulat ing pigment dispersion m dermal melanophores (background adapta-
t i o n ) . Animals placed on a black background release a-MSH wh ich , by s t imu-
• la tmg dispersion of black pigment wi th in the melanophores, leads to a da rken-
ing of the animals ( 1 , 2 ) . Recent studies indicate that hypothalamic regulat ion 
of the secretory ac t iv i ty of amphibian melanotropes, which involves 
st imulatory and inh ib i to ry mechanisms, is exer ted th rough a number of fac-
t o r s , both classical neurotransmit ters (3, 4 , 5, 6, 7) and neuropeptides (8 , 
9, 10, 11). Many of these factors funct ion t h rough a d i rec t action on the 
melanotrope cell i tself (12) , indicat ing that th is cell is a major centre of neu-
roendocrine integrat ion An understanding of the in t racel lu lar mechanisms of 
th is integrat ion may help in establ ishing the physiological signif icance of the 
general phenomenon of mult iple factors regulat ing p i t u i t a ry cell f unc t ion . 
It has been shown that regulat ion of o-MSH release from the pars 
intermedia of the aquatic toad, Xenopus laevis, involves both a dopaminergic 
and a GABAergic system. Dopamine induces an inh ib i t ion of MSH secretion 
(13, 14, 15). Studies wi th isolated melanotrope cells of Xenopus (cell suspen-
sions) have established that th is effect is exer ted th rough d i rec t action of the 
secretagogue on the melanotrope (12) Using specif ic receptor agonists and 
antagonists it has been shown tha t , m Xenopus, dopamine funct ions th rough 
a receptor which has similar but not identical character is t ics to the dopamine 
D-2 receptor of mammalian melanotropes (16) . The pars intermedia of Xenopus 
laevis possesses a r ich network of GABAergic nerve terminals , and the neuro-
t ransmi t ter GABA is ve ry potent in inh ib i t ing secretion of a-MSH from the 
intermediate lobe of th is amphibian (7 ) . Receptor character izat ion studies 
show that GABAa and GABAb receptors are present and tha t act ivat ion of 
e i ther receptor t ype leads to an inhib i t ion of MSH secretion (17) . GABAa and 
GABAb receptor agonists inh ib i t secretion f rom the isolated Xenopus melano-
t rope , indicat ing that the melanotrope i tself possesses both GABA receptor-
types (12) . 
Earl ier studies have reported the involvement of cAMP in the release 
process of the Xenopus MSH cells (6, 14, 18, 19) The purpose of the pres-
ent invest igat ion was 1 ) to establish if dopamine inh ib i ts MSH release from the 
Xenopus melanotrope th rough an inhib i t ion of the adenylate cyclase system 
and 2) to determine the effect of specif ic GABAa and GABAb receptor ago-
nists on the product ion of cAMP by these cel ls. For th is purpose isolated 
melanotropes of Xenopus laevis were used. cAMP levels were measured using a 
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cAMP prote in b ind ing assay, and the secretion of MSH from the melanotropes 
was monitored by radioimmunoassay 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred and reared m our aquatic fac i l i ty Prior to the 
experiments the animals were kept fo r at least two weeks on a black back-
g round under constant i l lumination at 22C 
Preparation of cell suspensions 
Preparation of cell suspensions and tests concerning cell v iab i l i ty have been 
publ ished ear l ier (12) Neuromtermediate lobes were dissected m incubation 
medium (IM) containing 112 mM NaCI, 2 mM KCl , 2 mM CaCk 2 H2O, 2 mg/ml 
glucose, 15 mM Hepes pH 7 38 The medium was preaerated wi th carbogen 
The t issue was subsequent ly t rans fe r red to 1 5 ml IM to which was added 3 
mg/ml bovine serum albumin (BSA, Sigma f ract ion V ) , 1 mg/ml collagenase 
(Sigma) and 1 25 mg/ml dispase (grade II lyophi l isât , Boehrmger) and incu-
bated fo r 1 h in a shaking waterbath at 22C A f te r centn fugat ion (10 mm, 
200 g , 22C) the pellet was carefu l ly suspended in 1 5 ml Ca-free medium to 
which 3 mg/ml BSA and 0 4 mg/ml EDTA were added The suspension was 
cen t r i f uged , resuspended m 1 5 ml Ca-free medium wi th 3 mg/ml BSA and 
1 25 mg/ml dispase and incubated for 30 mm at 22C wi th shaking Tissue 
fragments were then allowed to settle and the supernatant containing melano-
tropes in suspension ( f ract ion 1) was saved The fragments were r insed and 
retreated wi th Ca-f ree medium containing BSA and dispase, and cent r i fuged 
fo r 3 mm at 200 g over a nylon f i l te r (pore size 0 15 mm) The collected cell 
suspension ( f ract ion 2) was combined with f rac t ion 1 and cent r i fuged (10 mm 
200 g) The pellet was r insed and resuspended m medium containing 3 mg/ml 
BSA, 0 8 mg/ml EDTA Finally i t was cent r i fuged and suspended m 
incubation medium wi th 0 3 mg/ml BSA All glassware was sil iconized 
Superfusion of isolated melanotropes 
Cells were suspended in a small volume of incubat ion medium and loaded in a 
50 yl superfus ion chamber wi th a mil l ipore 0 45 ym f i l t e r ( t ype HA) at the 
out let to suppor t a layer of biogel P2 (B iorad) A f te r loading, the chamber 
was f i l led wi th biogel Medium was pumped wi th a per is ta l t ic pump at a rate 
of 1 5 ml /h and 7 5 mm fract ions were collected m 100 μΙ ice-cold 0 1 N HCl 
Fractions were stored at -20C before submission to radioimmunoassay A f t e r 
an equi l ibrat ion per iod of approximately 1 h the effect of cAMP was i n v e s t i ­
gated by g i v i n g 15 mm pulses of medium contain ing 6 mM 8-Br-cAMP (Sigma) 
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Radioimmunoassay for a-MSH 
The C-termmal d i rected antiserum was produced and character ized by V a u d r y 
et al (20) . This antiserum has equal r e a c t i v i t y to a-MSH and des-
acetyl-a-MSH. Bound and unbound MSH were separated by precip i tat ion wi th 
polyethyleneglycol ( f inal concentrat ion 7 5 ^ ) . Sensi t iv i ty threshold of the 
assay is 5 pg 
Static incubations of melanotrope cells 
Cells were washed in IM w i t h 3 mg/ml BSA and 10" M of Isobuty lmethyl Xan­
thine (IBMX) Sigma) A f t e r c e n t n f u g a t i o n these cells were subsequently i n c u ­
bated f o r 45 mm in 250 μΙ of IM containing 0 3 mg/ml BSA, 2 mg/ml glucose, 
10" 4 M IBMX, and 30 μΜ of f o r s k o l m at 22C Cells were then c e n t r i f u g e d f o r 
10 itim at 200 g and 200 μΙ supernatant was taken for radioimmunoassay of 
a-MSH. To the cells 450 μΙ of 60o TCA was added (end concentrat ion of TCA + 
5°) and the proteins were allowed to prec ip i ta te f o r 15 mm on ice The mix­
t u r e was c e n t r i f u g e d at 2000 g and the supernatant was kept at -20C for 
cAMP b ind in g assay 
To invest igate the effect of neurotransmit ters on the intracel lu lar cAMP 
p r o d u c t i o n , experimental incubations were performed m presence of 10 M 
dopamine (Sigma), 10 M dopamine • 30 μΜ pertussis tox in (Ρ H L Service, 
Centre for applied Microbio l , and Research, S a l i s b u r y ) ; 5x10 M LY-171555 
(L i l l y Co ), 1 0 " 6 M adrenal ine, IO" 5 M baclofen (a g i f t of Ciba Geigy) or 10" 4 
M isoguvacme (Cambridge Research Chemicals) 
cAMP binding assay 
cAMP b i n d i n g assay was based on the method according to Kempen et al. 
(21). cAMP b i n d i n g p r o t e i n , prepared according to Brown et al. ( 2 2 ) , was 
k ind ly prov ided by Dr Ρ H 'G M Willems. TCA was eliminated from the 
supernatant by repeated extract ion with 5 ml of water-saturated d i e t h y l e t h e r . 
Subsequently 2 pmol of [ H]cAMP (48 Ci/mmol Amersham) was added. The 
extract was p u r i f i e d over a Dowex-50WX8 column (3 cm χ 0 5 cm) which was 
equi l ibrated in 0 01 N HCl and eluted w i t h dest i l led water. The cAMP conta in­
ing f ract ion was d r i e d o v e r n i g h t under N2 at 30C. 350 μΙ of cAMP b i n d i n g 
p r o t e i n , dissolved in medium containing 50 mM T r i s (pH 7 . 4 ) , 8 mM t h e o p h y l ­
l ine, 5 mM EDTA, 1.7 mM M g S 0 4 7 H 2 0 , 0 93 mg/ml d i - t h i o - t h r e i t o l ( D . T T . ) , 
was added to the d r y sample which was then lef t f o r 1 h on ice. Of th is 
sample 50 μΙ was taken to measure the recovery of cAMP f o r each column. To 
the remaining 300 μΙ 1 ml of charcoal 0 01 g/ml in 50 mM T r i s pH 7.4, 0.2 
g/ml BSA was added. A f t e r mix ing and c e n t r i f u g a t i o n (5 mm at 3000 g) 500 μΙ 
of the supernatant was added to 4 ml of Scmt i l la ter 199 (Packard) and the 
radioact iv i ty was determined m a l iqu id scint i l lat ion analyzer. For each assay 
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a standard c u r v e was made by adding [ H]cAMP to known amounts of cAMP 
which were then treated identical to the t issue samples, to subsequently 
establish recovery and ь b i n d i n g 
RESULTS 
Effect of S-Br-cAMP on MSH release 
Administrat ion of cAMP d u r i n g in vitro superfus ion of isolated intermediate 
lobe cells resulted in a s igni f icant increase of MSH secretion from these cells 
to 233 i 630o (n=4) ( f i g 1) . A f t e r 7 5 mm a small increase was visible which 
only reached a maximum after 30 mm 
0/o basal level (MSH) 
300 -
200 -
10 15 
fraction no. 
Fig 1 Stimulation of a-MSH secretion by 8-Br-cAMP d u r i n g m vitro superfu-
sion of intermediate lobe cells of Xenopus laevis cAMP (6 mM) was adminis­
t e r e d d u r i n g 15 mm of the superfusion period as indicated in the f i g u r e 7 5 
Mm fractions were collected Figure represents the average of 4 individual 
superfusion experiments 100% Values were calculated from the average 
secretion d u r i n g fractions 1-4 and were respectively 96 p g , 204 p g , 304 pg, 
196 p g / 7 5 mm fraction 
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Measurement of cAMP production 
Preliminary experiments showed that basal levels of cAMP in isolated melano-
tropes of Xenopus laevis were under the l imit of detection of the b i n d i n g 
assay Production of cAMP d u r i n g a one hour in vitro incubation of 2 pars 
intermedia equivalents of cells in the presence of IBMX also remained under 
the detection l imit. Stimulation of cAMP synthesis by f o r s k o l i n resulted in a 
dose- and t ime-dependent increase of cAMP product ion and t h e r e f o r e f o r s k o l i n 
was used in all subsequent incubations to b r i n g cAMP p r o d u c t i o n w i t h i n 
detection limits of the assay A 45 mm in vitro incubation in 30 μΜ f o r s k o l i n 
was selected as the standard incubation protocol . D u r i n g th is period an 
average of 51 1 ί 5 3 pmol cAMP/mtermediate lobe was measured. 
Table I Inhibition of cAMP production and MSH release by dopamine, 
'LY-171555, and adrenaline in intermediate lobe cells of Xenopus laevis 
cAMP % a-MSH % 
Forskolin 100 100 
Forskolin • dopamine ( I O - 5 M) 42 6 ± 3 2 (n=12) 53 7 ± 5 5 (n=10) 
Forskolin + dopamine (10 M) + 
pertussis toxin (500 ng/ml) 65 6 ± 6 3 (n= 5 ) 98 3 ± 4.4 (n= 4) 
Forskolin • LY-171555 ( S x l O " 7 M) 35 3 ± 4 7 (n= 2 ) 64 4 ± 5 1 (n= 2) 
Forskolin + adrenal ine ( 1 0 ~ 6 M) 66 3 t 6 7 (n= 4 ) 54 1 ± 3 6 (n= 4) 
cAMP production and MSH release were measured a f t e r a 45-min incubation of 
intermediate lobe cells in the presence of forskolin (30 цМ) and IBMX (10 
M] Average absolute levels of control incubations in this medium were 
resp 51 pmol cAMP/mtermediate lobe equivalent and 3734 pg MSH/mtermediate 
lobe equivalent cAMP production and MSH release in the presence of dopa­
mine, dopamine * pertussis t o x i n , I_Y-171555 or adrenaline are expressed as a 
percentage of their control values T h e cAMP values of the experimental 
groups were all significantly reduced in comparison to t h e control incubations 
( p < 0 05) Moreover, the incubation with dopamine and pertussis toxin was 
determined to be significantly d i f f e r e n t from t h e value obtained a f t e r incuba­
tion in dopamine alone (Mann-Whitney U-te st) T h e MSH values obtained a f t e r 
incubation m dopamine, LY-171555 and adrenaline were significantly d i f f e r e n t 
from their control values 
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cAMP synthesis CU) 
175 
α-MSH release (%) 
100 
DA ВАС ISO 
Fig 2 e f f e c t of dopamine and of GABA agonists on cAMP production and 
release of MSH in intermediate lobe cells of Xenopus faevts cAMP production 
and MSH secretion a f t e r 45 mm of incubation of intermediate lobe cells were 
measured. All media contained forskolm (30 vM) and IBMX (10 M) Average 
absolute levels of the control incubation were 51 pmol cAMP/neurointermediate 
lobe equivalent and 3734 pg MSH/neuromtermediate lobe equivalent cAMP 
production and MSH release in the presence of dopamine ( D A ) , baclofen 
( В А С ) or isoguvacme ( I S O ) a r e expressed as a percentage of their control 
values ( C ) . * Signif icantly d i f f e r e n t from control ( p < 0 05) 
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Effects of dopamine, LY-171555 and adrenaline on cAMP production and 
release of a-MSH 
Incubation of intermediate lobe cells in the presence of dopamine (10 M) 
resulted in a s ign i f icant decrease of the f o r s k o l m stimulated product ion of 
cAMP and also the release of MSH from these cells (table 1, f i g . 2 ) . Pertussis 
tox in (500 n g / m l ) , an i n h i b i t o r of the i n h i b i t o r y G protein of the adenylate 
cyclase system, s ign i f icant ly reduced the dopamine induced inhib i t ion of ade­
nylate cyclase a c t i v i t y and could also completely reverse the dopamine induced 
inhibi t ion of a-MSH release (table 1 ) . The dopamine D-2 receptor agonist 
LY-171555 (5x10 M ) , l ike dopamine, decreased both cAMP product ion and 
-fi 
α-MSH release. Adrenal ine (10 M) also inh ib i ted both cAMP product ion and 
release of α-MSH. 
Effects of CABAb and GABAa receptor agonists on cAMP production and 
release of a-MSH 
Baclofen (10" M ) , a specific agonist of GABAb receptors induced s igni f icant 
-4 inhibi t ion of cAMP product ion and α-MSH secret ion. Isoguvacme (10 M ) , a 
specific agonist of GABAa receptors, gave a s igni f icant increase m cAMP p r o ­
d u c t i o n . D u r i n g th is incubation MSH release was s l ight ly but not s ign i f icant ly 
reduced ( f i g . 2 ) . 
DISCUSSION 
From previous r e p o r t s , the exact role of adenylate cyclase a c t i v i t y in 
regulation of MSH secretion from the pars intermedia would seem unclear 
Cychc-AMP analogues have been shown to stimulate (14, 15, 18), to i n h i b i t 
(19) , or to have no effect on MSH release (23) In a recent s t u d y th is issue 
was examined ( 6 ) . We used neuromtermediate lobes in s u p e r f u s i o n , which has 
an advantage over the more commonly used static incubation methods in that 
the basal secretion provides an internal c o n t r o l . I t was shown that pulses of 
8-Br-cAMP stimulate MSH release from lobes of whi te- b u t not from lobes of 
b lack-background adapted animals. The present results show that melanotrope 
cel ls, isolated from neuromtermediate lobes of Ы а с к - b a c k g r o u n d adapted ani­
mals, are sensit ive to cAMP, which caused an enhanced release of MSH. The 
reason f o r a d i f f e r e n t response f rom whole lobes or isolated cells is not clear. 
Possibly, the prolonged in vitro inh ib i t ion of release due to the isolation of 
cells m Ca-free medium was s u f f i c i e n t to lower intracel lu lar levels of cAMP, 
thus propel l ing the cells towards a physiological condit ion comparable to t h a t 
m w h i t e - b a c k g r o u n d adapted animals. 
From the measurement of cAMP p r o d u c t i o n fol lowing incubation of isolated 
melanotropes in dopamine-contaming medium we conclude that dopamine 
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induced inh ib i t ion of MSH release is m t r a c e l l u l a r l y mediated t h r o u g h inhib i t ion 
of cAMP p r o d u c t i o n . This conclusion is based on t he observations t h a t 1) 
cAMP is a st imulatory factor f o r MSH release and 2) dopamine inhib i ts both 
cAMP product ion and release of MSH In a recent s t u d y Loh et al. came to a 
d i f f e r e n t conclusion concerning the mechanism of dopamine induced inhib i t ion 
of MSH secretion ( 2 3 ) . This study involved incubation of whole n e u r o m -
termediate lobes of Ы а с к - b a c k g r o u n d adapted animals Preincubation of 12-14 
days was necessary to allow most of the neural lobe t issue to degenerate, as 
th is lat ter t issue would mask the cAMP signal from the intermediate lobe 
They too f o u n d t h a t dopamine, d u r i n g a 60-min ¡n vitro incubat ion, inhib i ts 
cAMP product ion bu t concluded that th is neurotransmit ter acts via adenylate 
cyclase not fo r the inh ib i t ion of MSH release but fo r the d i rect inhib i t ion of 
POMC biosynthesis This conclusion is based f i r s t l y , on the f ind ing that cAMP 
itself had no effect on release of MSH from f resh ly dissected lobes of black 
background adapted animals, a phenomenon that we have already commented 
upon, and secondly, on the f ind ing that a prolonged incubation in the pres-
ence of dopamine inhib i ts POMC synthesis. Concerning th is latter observat ion, 
m view of the rapid secretory response of the intermediate lobe cells to dopa-
mine, and the prolonged treatment requi red for th is neurotransmit ter to 
inh ib i t POMC biosynthesis , i t is , m our v iew, not clear to what extent i nh ib -
it ion of POMC synthesis is d i rec t ly regulated by dopamine 
Dopamine receptors m the mammalian intermediate lobe have been classi-
f ied as D-2 dopamine receptors (24, 25, 26) Mammalian intermediate lobe t i s -
sue is in fact often used as a model system for studies on dopamine D-2 
receptors and on the in t racel lu lar effects that are generated after stimulation 
of these receptors (25, 26) These mammalian D-2 receptors mtrace l lu lar ly 
evoke inhib i t ion of cAMP product ion via the inh ib i to ry subuni t of the adeny-
late cyclase system For the Xenopus laevis neuromtermediate lobe it was 
recently established that the receptors for dopamine show many character ist ics 
of the mammalian D-2 receptors bu t , unl ike the la t te r , they do not respond to 
the specif ic D-2 antagonist YM09151-2 and are very sensit ive to other cate-
cholamines (16) Moreover, i t was found that dopamine, the D-2 receptor ago-
nist LY-171555, and adrenal ine, although all being blocked by the D-2 antag-
onist su lp i r ide , did not have an identical prof i le of antagonists. There fore , 
the presence of two catecholammergic receptors or receptor sites was pos tu-
lated. The present s tudy shows that act ivat ion of Xenopus catecholamine 
receptors by dopamine, LY-171555 or adrenaline evokes a similar intracel lu lar 
e f fect , namely inh ib i t ion of cAMP product ion The apparent inh ib i to ry effect 
of pertussis tox in (26, 27) on dopamine induced inhib i t ion of cAMP product ion 
and MSH release would indicate tha t , as m the mammal, the N uni t of the 
adenylate cyclase system is involved m the melanotrope cell response to dopa-
mine. 
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Concerning GABAergic mechanisms regulat ing MSH secretion in Xenopus, 
we have prev ious ly shown that both GABAa and GABAb receptors are present 
and that the GABAb mechanism is predominant d u r i n g in vitro t reatment w i t h 
GABA (17) In the pars intermedia of the rat (28, 2 9 ) , the pig ( 3 0 ) , and the 
amphibian Rana ridibunda ( 3 1 ) , GABA has been shown to cause a short st im­
ulation in vitro, fol lowed by a sustained i n h i b i t i o n . In all cases it is bel ieved 
that this sustained inh ib i t ion is at least p a r t l y caused by act ivat ion of GABAb 
receptors (28, 29, 30, 3 1 , 32) Our present results show that GABAb recep­
t o r s , l ike the catecholamine receptors, f u n c t i o n t h r o u g h inh ib i t ion of adeny­
late cyclase. While t h e r e are reports that GABAb receptors of the centra l 
nervous system of the rat f u n c t i o n t h r o u g h inhib i t ion of the adenylate cyclase 
system (33, 34, 3 5 ) , the intracel lu lar mechanism associated w i t h th is receptor 
in i n h i b i t i n g MSH secretion m either the rat or the amphibian has never been 
addressed 
The involvement of GABAa receptors in regulat ing MSH secretion has 
been reported not only f o r Xenopus b u t also for rat (28, 29, 32, 3 7 ) , p ig 
(30) and Rana ridibunda (31) There appear to be species di f ferences w i t h 
regard to the t issue response to act ivat ion of th is receptor t y p e In all spec­
ies, the t rans ient st imulation of MSH release funct ions t h r o u g h a GABAa 
receptor mechanism While f o r the rat and p ig there is strong evidence f o r an 
important role of GABAb receptors in mediating a sustained inh ib i t ion of 
secret ion, f o r Rana the GABAa receptor is t h o u g h t to be dominant over the 
GABAb receptor In all cases it is believed that stimulation of release is 
induced t h r o u g h increased membrane permeabi l i ty to the CI ion In Xenopus 
we have prev ious ly reported a predominant inh ib i t ion of MSH secretion 
t h r o u g h GABAa receptors (17) . We suggested that the СГ electrochemical 
equi l ibr ium point of the intermediate lobe cells of Xenopus d i f f e r s from that in 
the above species and t h u s opening of CI channels m Xenopus would cause 
hyperpolanzat ion Our present results concerning activat ion of GABAa recep­
tors t h r o u g h administrat ion of the specific agonist isoguvacine ( 3 7 ) , show a 
v e r y in terest ing phenomenon. Isoguvacine is v e r y potent in i n h i b i t i n g MSH 
secretion from whole lobes and from melanotrope cells in suspension. We now 
show that the isoguvacine-mduced inhib i t ion of MSH secretion in the presence 
of forskol in and IBMX is much lower than expected when compared to the 
results obtained w i t h dopamine and baclofen. Moreover, cAMP p r o d u c t i o n was 
stimulated by isoguvacine, and thus one would have expected st imulat ion of 
MSH release This d iscrepancy might indicate that activat ion of GABAa recep­
tors has a dual ef fect on the melanotrope cel ls, namely a st imulatory ef fect 
t h r o u g h adenylate cyclase and an i n h i b i t o r y effect t h r o u g h another i n t r a c e l l u ­
lar mechanism, possibly the CI channel. In our earl ier s t u d y we showed t h a t 
GABAa agonists could induce a s l ight st imulation of MSH secretion at the low-
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est concentrat ion of t h e i r dose-response c u r v e ( 1 7 ) , suggest ing that in 
Xenopus intermediate lobes, the st imulatory effect is masked by the predomi­
nant i n h i b i t o r y mechanism The apparent st imulation at low concentrat ion 
could be explained when the dual effect is exerted t h r o u g h two sites of the 
GABAa receptor, or t h r o u g h two d i f f e r e n t subtypes of the GABAa receptor as 
has been proposed by Anderson and Mitchell f o r rat lactotropes (38, 39) In 
our in vitro system adenylate-cyclase-lmked stimulation would be revealed 
only at low concentrations due to a s l i g h t l y higher sensi t iv i ty of this 
receptor-s i te or subtype to isoguvacme The present incubat ions, however, 
were performed m a forskolm containing medium Forskolm is known not only 
to stimulate the adenylate cyclase but also to potentiate the effect of factors 
that stimulate the adenylate cyclase a c t i v i t y И 0 ) Potentiation of a GABAa 
site w o r k i n g t h r o u g h adenylate cyclase might explain the lower inhibi t ion of 
MSH release by isoguvacme 
In conclusion, the present f ind ings reveal that in the melanotrope cells 
of the Xenopus pars intermedia at least two d i s t i n c t intracel lu lar pathways 
might be involved to generate the f inal release response Catecholamines wil l 
i n h i b i t the adenylate cyclase t h r o u g h receptors which probably activate the 
i n h i b i t o r y subuni t Act ivat ion of GABAb receptors wil l also inh ib i t i n t r a c e l l u ­
lar cycl ic AMP product ion For GABAa receptors we propose that they can 
induce a dual ef fect , possibly t h r o u g h two subtypes or sites of this receptor, 
one of which activates the adenylate cyclase system In view of th is la t ter 
f i n d i n g it should now be established whether the inhib i t ion of MSH release in 
Xenopus laevis, t h r o u g h activation of GABAa receptors, is caused by a 
h y p e r p o l a n z m g sh i f t of the membrane potential t h r o u g h the opening of chlo­
ride channels 
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Chapter 9 
ASSESSMENT OF TRH AS A POTENTIAL MSH RELEASE STIMULATING 
FACTOR IN XENOPUS LAEVIS 
Peptides 8, 2 (7937) 
133 
ABSTRACT 
This s t u d y considers the possible involvement of the t r i p e p t i d e TRH 
( t h y r o t r o p i n releasing hormone) in the physiological regulat ion of melanophore 
st imulat ing hormone (MSH) secretion from the pars intermedia of the toad, 
Xenopus laevis. TRH was shown to stimulate release of MSH from superfused 
neuromtermediate lobes obtained from whi te-background adapted animals, b u t 
had no effect on secretion from lobes of Ы а с к - b a c k g r o u n d adapted animals. 
Immunohistochemical analysis revealed a r ich TRH-contammg neuronal network 
terminat ing in the neural lobe of the Xenopus p i t u i t a r y Plasma levels of 
T R H , determined with a specif ic radioimmunoassay, proved to be extremely 
high and no s igni f icant d i f ference in th is level could be found between whi te-
and black-adapted animals. Plasma TRH probably originates from the s k i n , 
and our results show that its concentrat ion is w i t h i n the effect ive concentra­
tion range established for th is pept ide in st imulat ing MSH release from the 
pars intermedia. T h e r e f o r e , whi le both our s u p e r f u s i o n - and immunohisto­
chemical results argue favourably for a funct ion of TRH in the regulation of 
MSH secret ion, we conclude t h a t , in any regulatory role, it would l ikely have 
to f u n c t i o n wi th in the pars intermedia at concentrat ions exceeding the high 
plasma values While TRH could be involved in short- term activation of the 
secretory process in w h i t e - b a c k g r o u n d adapted animals or m animals undergo­
ing the in i t ia l stages of black background adaptat ion, our results indicate 
that th is peptide may have no f u n c t i o n in the maintenance of secretion from 
the pars intermedia of animals f u l l y adapted to black background 
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INTRODUCTION 
The pars intermedia of the p i tu i ta ry gland synthesizes a precursor p ro -
t e i n , proopiomelanocortin (POMC), from which melanophore st imulat ing hor-
mone (MSH) and other peptides are der ived ( fo r reviews see 9, 12). In 
amphibians, MSH is released from the intermediate lobe of animals placed on a 
black background . This hormone stimulates the dispersion of pigment in der-
mal melanophores and consequently the sk in displays a dark color. An impor-
tant component in hypothalamic regulat ion of MSH secretion is an inh ib i to ry 
mechanism, achieved by classical neurotransmit ters such as dopamine (8, 20, 
18, 24, 37, 39) and in the species Xenopus laevis at least, GABA (44) . Elec-
tronmicroscopical studies have revealed that the amphibian neuromtermediate 
lobe is innervated by both classical neurons, and neurons of pept idergic 
nature (14, 28) In the f r o g , Rana ridibunda, the t npep t i de pGlu-His-
Pro(NH2), which is the mammalian thy ro t rop in releasing hormone (TRH) , has 
been shown to be very potent m st imulat ing MSH release from the pars 
intermedia (38) . In two species of Rana, {Rana catesbeiana and Rana ridibun-
da), immunohistochemical studies indicate the presence of a TRH-contammg 
neuronal network wi th in the pars intermedia (27, 37) . Taken together , the 
above studies indicate that TRH of hypothalamic or ig in could be a physio logi -
cal factor involved m the stimulation of MSH secret ion. Amphibians are 
known, however, to have high plasma levels of T R H , which probably or ig inate 
from the sk in (16) . Plasma TRH could conceivably also be involved in the 
regulat ion of MSH secret ion. Therefore plasma values of TRH should be con-
sidered in evaluation of a possible physiological funct ion for th is neuropeptide 
m amphibians. The purpose of the present s tudy was to examine if th is pep-
t ide could represent a physiological MSH-releasmg factor m the toad Xenopus 
laevis. For th is purpose we have: (1) determined the effect of TRH on MSH 
release from superfused neuromtermediate lobes, (2) conducted immunocyto-
chemical analysis and radioimmunoassays (RIA) to determine if th is t npep t i de 
is present m the neuromtermediate lobe, and (3) analyzed plasma levels of 
this pept ide m relation to the color of background to which the animals are 
adapted. 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred and reared m the aquatic fac i l i t y of the Dept. of 
Zoology, Catholic Un ive rs i t y , Nijmegen, The Nether lands. Animals were adapt-
ed to a black or whi te background for four weeks under a constant i l lumina-
t ion at 22C. Degree of pigment dispersion was determined according to the 
melanophore index scale of Hogben and Slome (13) . 
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Immunocytochemistry with anti-TRH 
Bram and p i t u i t a r y t issue was f ixed m Boum-Hol lande, paraplast embedded 
and 5 ym sections were submitted to immunostammg w i t h the peroxidase-ant i-
peroxidase method according to Sternberger (34) w i t h 4-CI-naphtol as oxygen 
acceptor The ant iserum 1 100 or 1 200 nr 4619 was character ized earl ier 
(46, 47) Control experiments were performed after adsorpt ion of the antise­
rum with TRH coupled to act ivated CNBr sepharose 4B (42) 
TRH extraction of plasma and pituitary tissue 
Plasma samples To 1 volume of t r u n k blood, 4 volumes of cold 100oo e t h ­
anol were immediately added A f t e r v igorous shaking i t was left o v e r n i g h t at 
4C, the supernatant was d r i e d under ni trogen and redissolved m b u f f e r in 
preparat ion f o r the radioimmunoassay (RIA) f o r TRH The TRH immunoreac-
t i v e material found in the plasma was analyzed by reverse phase HPLC using 
a 100 χ 3 mm CP-Spher C-,ρ column (Chrompack, M i d d e l b u r g , The Nether­
lands) Elution was performed wi th a l inear g r a d i e n t of 0-20o a c e t o m t n t e in 
0 01 M sodium phosphate (pH 7 7) Solvent f low was 0 6 ml/mm and 1 mm 
fract ions were collected TRH content was determined m dupl icate m 100 μΙ 
samples of each f ract ion 
Pituitary samples The f r e s h l y dissected p i t u i t a r y gland was separated 
into neuromtermediate lobe and distal lobe Each lobe was homogenized in 500 
μΙ of cold 90^ methanol m a glass potter , c e n t n f u g e d for 2 mm at 10 000 g , 
and the supernatant was d r i e d under n i t rogen The d r i e d e x t r a c t was d is­
solved m b u f f e r f o r RIA determination of TRH 
In vitro superfusion of neuromtermediate lobe tissue 
Superfusion was performed in a system containing f o u r independent s u p e r f u -
sion chambers (volume 10 μΙ each) Each neuromtermediate lobe was placed m 
a chamber and incubation medium (112 mM NaCI 2 mM KCl, 2 mM CaCU, 15 
mM Hepes pH 7 38, 0 3 mg/ml BSA, 2 mg/ml glucose and carbogen aerated) 
was pumped t h r o u g h the chambers at a rate of 1 5 ml/hr at 22C Fractions of 
7 5 mm were collected and stored at -20C unt i l submission to radioimmunoas­
say f o r MSH Experiments were conducted in two- t h r e e - or f o u r - f o l d The 
results are expressed as a percentage of basal secret ion, 100o basal secretion 
being def ined as the average MSH value measured m several superfusion f r a c ­
t ions before secretagogue addit ion The f ract ions used m these calculations 
are given m the captions to the f igures Results of indiv idual experiments 
were averaged and SEM values were calculated 
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R adioimmu noassays 
RIA for TRH: TRH was measured using ant i -serum produced against a 
TRH-d in i t ropheny lene-pro te in immunogen. Specif ic i ty character ist ics have p re -
viously been descr ibed (46, 47) . The ant i -serum was used at a f inal d i lu t ion 
of 1:20,000 and the assay was sensit ive to 1 pg per tube . The RIA does not 
measure the major TRH metabolite pGlu-His-Pro-OH nor the dipept ide f ragment 
His-Pro-d iketopiperazme. Precipitat ion of ant ibody-bound radioact iv i ty was 
performed wi th second ant ibody m the presence of 2.5% polyethylene g lyco l . 
TRH was measured in dupl icate. 
RIA for a-MSH: a-MSH was determined wi th an antiserum produced and 
characterized by Vaudry et a l . (43) . The antiserum was used at a f inal d i l u -
t ion of 1 : 40 ,000 . It has equal sens i t iv i ty towards des-Na-acetyl-o-MSH and 
a-MSH. Bound and unbound antiserum was separated wi th polyethylene glycol 
( f inal concentrat ion: 7 5%), or with a second ant ibody. Each sample was meas-
ured in dupl icate. 
RESULTS 
Immunocytochemlstry with anti-TRH 
Brain and p i t u i t a ry t issue of 6 b lack-background adapted animals and of 6 
whi te-background adapted animals were submit ted to immunocytochemical anal-
ysis with an t i -TRH. This revealed posi t ively react ing cells in the hypothala-
mus and a neuronal t rac t which terminated in the median eminence and neural 
lobe area ( f i g . l a ) . This posit ive reaction was vis ible in t issue from both 
black- and whi te-adapted animals (F ig . 1 b , c ) . No immunoreaction was 
observed in the pars intermedia of b lack-background adapted animals (F ig . 
1c). However, occasionally the pars intermedia of whi te-adapted animals 
showed posi t ive reaction in the intermediate lobe. An example of th is is shown 
in Fig 1a,b. This immunostaining was more di f fuse than tha t observed in 
the neural lobe. No immunostaining was v is ib le in the pars distal is of e i ther 
b lack- or whi te-adapted animals. 
Radioimmunoassays for TRH 
The results of assays on plasma samples show a relat ively high var ia t ion in 
TRH concentrat ion in the blood of Xenopus ( table 1) . With HPLC analysis, the 
TRH immunoreactive material m the plasma coeluted wi th synthet ic TRH ( f i g . 
2 ) . Plasma samples from b lack-background adapted animals contained a some-
what higher level of TRH than those of whi te-adapted animals, bu t these d i f -
ferences were not stat is t ica l ly s ign i f icant . TRH levels m the pars distal is 
were very low, showing a h igher content in lobes from b lack-background 
adapted animals. Neuromtermediate lobes of both black- and whi te-adapted 
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Xenopus laevis contained high levels of TRH. The levels found in 
black-adapted animals were s l i g h t l y but not s igni f icant ly higher than those 
measured f o r the lobes obtained from white-adapted animals. 
Fig. 1 TRH immunocytochemistry of the pituitary gland of Xenopus laevis. 
(a) Anti TRH staining in pituitary gland of a white-background adapted ani­
mal shown at 135χ magnification and (b) shown at 400x magnification. The 
ant)-TRH staining in the pituitary gland of a black-background adapted animal 
is shown in (c) at 180x magnification and (d) represents the immunoabsorbed 
control, pn, pars nervosa; p i , pars intermedia, pd, pars distalis, me, medi­
an eminence; po, preoptic nucleus. 
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Fig. 2. HPLC analysis of T R H immunoreactive material m plasma from w h i t e -
and b l a c k - b a c k g r o u n d adapted Xenopus laevis. 50 pi of plasma e x t r a c t was 
submitted to HPLC and analyzed by radioimmunoassay. Arrow indicates the 
elution position of synthetic p G l u - H i s - P r o - N H 2 . 
Table I. T R H values in neurointermediate lobe, pars distalis and plasma of 
both black- and w h i t e - b a c k g r o u n d adapted Xenopus laevis. 
black white 
Neurointermediate lobe ng/lobe 
Pars distalis ng/lobe 
Plasma ng/lobe 
0.871 ± 0.063 (n= 7) 
0.104 ± 0.013 (n=41) 
42 ± 4.6 (n=47) 
0 800 ± 0.063 (n= 7) 
0.041 ± 0.036 (n=16) 
36 ± 8.2 (n=13) 
Effect of TRH on ¡η vitro secretion of MSH 
The effects of 15-min pulses of TRH on MSH secretion from neurointermediate 
lobes of both black- and white-adapted animals were determined ( f i g . 3 ) . TRH 
appeared to be v e r y ef fect ive in st imulat ing MSH release from lobes e x t i r p a t e d 
from white-adapted animals. Table 2 gives the dose-response relat ionship f o r 
TRH stimulation of secret ion. Due to the phenomenon of decl in ing base-lines 
th is relat ionship was determined with data from the f i r s t pulse of TRH and 
averaged from a number of superfusion exper iments. The st imulatory response 
to T R H , displayed by lobes of white-adapted animals, was of rather short 
durat ion ( f i g . 3 ) . Occasionally the st imulatory effect was already decl in ing 
d u r i n g the 15 minutes of TRH administrat ion. 
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Fig 3 Effect of T R H on basal release of MSH d u r i n g in vitro superfusion 
of neurointermediate lobes of Xenopus laevis, which were previously adapted 
to either a black or a white background T h r e e 15-minute pulses of TRH were 
g i v e n ; time periods and T R H concentrations administered are indicated in the 
f i g u r e . Each f i g u r e represents the average of t h r e e independent neuroin­
termediate lobes T h e 100% values for basal release were defined from the 
average value of MSH in fractions 14-16 for lobes of black-adapted animals 
and in fractions δ-11 for those of white-adapted animals. These values were 
409, 464, 544, pg MSH/7 5-min f r a c t i o n , and 200, 246, 1432, pg MSH/7.5-min 
fraction respectively. V e r t i c a l bars indicate -SEM. 
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Fig 4. Effect of T R H on secretion of MSH d u r i n g in vitro superfusion of 
neurointermediate lobes of Ыаск-background adapted Xenopus loevls u n d e r 
basal and dopamine inhibited conditions 15-Minute pulses of 10 M T R H 
w e r e given Figure represents the average of t h r e e individual lobes. T h e 
ΙΟΟΊ values of basal secretion were defined from t h e average MSH-value in 
fractions 1 6-1 9; these were 462, 549, 975 pg MSH/7 5-min f r a c t i o n . Bars 
indicate -SEM. 
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Fig 5 Effect of T R H on basal secretion of MSH from neurointermediate lobes 
of Rono ridibundo, d u r i n g tn vitro superfusion. Fifteen-mm pulses of 10 
M -7 -6 -5 10 M, 10 M and 10 M were given as indicated in t h e f i g u r e . Figure 
represents t h e average of two individual experiments 100% values of basal 
secretion were calculated from the average MSH-value in fractions 8 - 1 0 , these 
were 180 and 116 pg MSH/7 5-min fraction 
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Lobes from b l a c k - b a c k g r o u n d adapted animals were insensit ive to the 
neuropept ide ( f i g . 3 ) . To determine whether the unresponsiveness of lobes of 
Ы а с к - b a c k g r o u n d adapted animals could be a t t r i b u t e d to the fact that in vitro 
MSH secretion of these lobes was already at maximum level , secretion was 
-6 par t ia l ly i n h i b i t e d by the addit ion of dopamine (10 M) p r i o r to and d u r i n g 
TRH admin is t rat ion. These lobes d i d not respond to TRH ( f i g . 4 ) . 
T a b l e I I . Dose-response relationship for T R H - m d u c e d stimulation of MSH 
release from superfused neuromtermediate lobes of w h i t e - b a c k g r o u n d adapted 
Xenopus laevis. 
% release (± SEM) 
TRH 
TRH 
TRH 
TRH 
MK771 
10"9 M 
IO"8 M 
IO"7 M 
IO"6 M 
IO"7 M 
127 ± 5 (n=3)* 
151 ± 6 (n=9)*** 
195 ± 26 (n=6)** 
205 ± 25 (n=6)*** 
171 ± 14 (n=4)"* 
T R H was administered d u r i n g two consecutive 7.5-min periods. Basal release 
was def ined as the average secretion of MSH d u r i n g t h e t h r e e 7.5-min periods 
before T R H administration. Percent stimulation in relation to this value was 
calculated from the maximum amount of MSH released d u r i n g t h e 15 mm of 
T R H addit ion. * Indicates significant difference from control value as d e t e r ­
mined with the S t u d e n t - t - t e s t ( * p < 0 . 0 5 / * * p < 0 . 0 0 1 ; * * * p < 0 . 0 0 5 ) . 
One experiment was performed whereby the TRH-induced secretory 
response of neurointermediate lobe t issue of Rana ridibunda was tested to 
compare t h i s response to that registered for Xenopus. The f r o g s were taken 
f rom a neutra l g r e y b a c k g r o u n d . Neurointermediate lobes of Rana could be 
st imulated by administrat ion of TRH ( f i g . 5 ) . A lready at ΙΟ" 8 M of TRH, 140% 
of the basal level of MSH secretion was observed. With increasing concentra­
t ions of T R H , th is level increased to a maximum of ІбО^ of basal secret ion. 
Similar to Xenopus t i s s u e , a rapid secretory response was noted, b u t the 
st imulatory effect of TRH on lobes of Rana was of a f a r longer d u r a t i o n . Fol­
lowing TRH a d m i n i s t r a t i o n , 45 min was r e q u i r e d f o r MSH secretion to com­
pletely r e t u r n to i ts basal level. The TRH analogue MK771, 
L - N ( 2 - o x y p i p e r i d i n e - 6 - y l - c a r b o n y l ) - h i s t i d y l - t h i a z o l i d i n e - 4 - c a r b o x a m i d e , was 
f o u n d t o be potent in st imulat ing the in vitro release of MSH in lobes from 
white-adapted Xenopus ( table 2 ) . Like T R H , MK771 caused a rapid increase in 
MSH release which was of short d u r a t i o n . 
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DISCUSSION 
The t r ipep t ide p G l u - H i s - P r o í N ^ ) received the name thy ro t rop in releas-
ing hormone, T R H , for its st imulatory effect on secretion of t hy ro t rop in f rom 
the p i tu i ta ry gland of mammals. Indeed, m mammals i t is probably the most 
important hypothalamic factor fo r regulat ion of t hy ro t rop in release. In ra t , 
TRH could not affect MSH secretion (21) . In cold blooded ver tebra tes , TRH 
has no effect on the p i t u i t a r y - t h y r o i d axis ( 1 1 , 37, 41) . It has, however, 
been shown to stimulate in vitro release of MSH from f rog neuromtermediate 
lobes (38) and prolact in from the bu l l f rog pars distal is (5 ) . Also, in vivo 
administrat ion of TRH causes prolact in release in Rana ridibunda (17) . These 
observations suggest that th is t r ipept ide may have evolved d i f ferent funct ions 
du r i ng evolut ion. In te res t ing ly , two d i f fe ren t mammalian tumor cell lines have 
also been shown to respond to TRH. In the rat GH3 cells the t r ipept ide st im-
ulates prolact in release ( 1 , 40) , and it also stimulates secretion from cells of 
a human ACTH-produc ing ectopic tumor (3, 10, 15). There fo re , this pept ide 
seems to have a broad spectrum of potential ac t iv i t ies . The present results 
demonstrate that in the neuromtermediate lobe of the toad Xenopus laevis, 
TRH stimulates secretion of MSH m a dose-dependent manner, thus extending 
an earl ier f i nd ing in the f rog Rana ridibunda to a second amphibian species. 
While the amphibian TRH receptor has never been f u l l y character ized, the 
toad pars intermedia proved to be sensit ive to MK771, which is recognized as 
an equipotent TRH analogue (18, 23) . Thus , on the basis of its in vitro 
effect on Xenopus melanotropes, TRH can be considered a potential MSH 
release st imulat ing factor in th is species. 
A unique character is t ic of the TRH-mduced release of MSH secretion 
from the neuromtermediate lobe of Xenopus is the observat ion that this t r i -
pept ide was ef fect ive in st imulat ing release from lobes of wh i te -background 
but not b lack-background adapted animals. The simplest explanation for th is 
phenomenon would be that melanotropes of b lack-background adapted animals 
are already releasing MSH at the maximum obtainable rate. We have f ound , 
however, that such lobes can be induced to h igher levels of secretion th rough 
the use of a calcium lonophore (unpubl ished observat ions) , indicat ing that the 
release from these lobes is not at its maximum level . Moreover, the observa-
t ion that TRH fai led to stimulate secretion f rom dopamine- inhibi ted lobes of 
b lack-background adapted animals would also argue against th is simple expla-
nat ion. TRH receptors have been reported to undergo a ve r y rapid l igand-
induced desensit izaton (4 , 29, 32) . There fo re , another possib i l i ty wor th con-
s ider ing is that the TRH receptors in neurointermediate lobes of 
b lack-background adapted Xenopus are in a desensit ized state. 
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The response of Xenopus neuromtermediate lobe t issue to TRH was of 
v e r y s h o r t d u r a t i o n Indeed, MSH release was often r e t u r n i n g to basal level 
before TRH administrat ion had even been t e r m i n a t e d , a phenomenon not 
observed m ear l ier studies w i t h Rana (38) In view of th is apparent d i f f e r ­
ence m response between lobes of the two amphibian species, we decided to 
test lobes of Rana ridibunda under identical superfusion condit ions as those 
f o r Xenopus This s t u d y confirmed that the response of Rana lobes was 
indeed of much longer d u r a t i o n In mammalian studies, TRH stimulation of 
t h y r o t r o p i n release (7, 30) and prolact in release (2, 26) have been described 
as b iphasic, consist ing of a v e r y rapid init ial phase of hormone secret ion, fol 
lowed by a plateau of elevated secretion It has been suggested that d i f f e r e n t 
in t racel lu lar mechanisms are responsible f o r the two phases of TRH-mduced 
stimulation ( 2 , 26, 33) I n t e r e s t i n g l y , studies wi th rat t h y r o t r o p e s (2) and 
GH3 tumor cells (33) indicate that the second phase of the response to TRH 
is dependent on prote in synthesis The melanotropes of w h i t e - b a c k g r o u n d 
adapted Xenopus are known to have an extremely low level of b iosynthet ic 
a c t i v i t y (19, 24, 48) This low biosynthet ic capacity is probably responsible 
f o r the decl in ing base-line of MSH release exh ib i ted by lobes of whi te-
b a c k g r o u n d adapted animals ( ι e rate of release exceeds the rate of bios­
ynthesis of the pept ide) This point has been discussed in detail elsewhere 
(45) Possibly, the observed absence of a sustained biphasic response to TRH 
by Xenopus lobes ref lects t h e i r low biosynthet ic capacity 
The results of the immunocytochemical analysis of TRH d i s t r i b u t i o n in 
the hypothalamo-hypophyseal complex of Xenopus g ive an indication f o r a 
morphological basis f o r TRH regulation of the intermediate lobe As the 
major i ty of the TRH posi t ive neurons i n n e r v a t i n g the p i t u i t a r y gland seems to 
terminate in var icosit ies of the neural lobe, TRH would presumably reach the 
melanotropes of the pars intermedia t h r o u g h extracel lu lar d i f fus ion f rom the 
pars nervosa, or a l t e r n a t i v e l y , via the blood Since the intermediate lobe is 
closely associated w i t h the neural lobe t issue a n d , moreover, it receives its 
blood supply f rom this lat ter t issue, both mechanisms seem possible In the 
p i t u i t a r y gland of the f r o g Rana catesbeiana, Seki et al (31) have found a 
similar d i s t r i b u t i o n of TRH-immunoreact iv i ty to t h a t we now r e p o r t f o r Xeno­
pus In a d d i t i o n , they describe a very scarce g r a n u l a r network of posit ive 
staining in the pars intermedia which demonstrates that at least some T R H -
posit ive f i b e r s are reaching the intermediate lobe Occasionally, we observed 
a posit ive immunoreaction in the pars intermedia of Xenopus laevis b u t , from 
its v e r y d i f f u s e n a t u r e , we feel that it is un l ike ly that this staining r e p r e ­
sents nerve terminals It could well be similar to the intracel lu lar location of 
TRH t h a t has been r e p o r t e d m the f r o g (27) It is w o r t h mentioning that 
the immunostaming of the pars intermedia, when o b s e r v e d , was found m lobes 
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f rom wh i te -background but not b lack-background adapted animals. 
In te res t ing ly , the results of our superfusion experiments suggest that only 
the former lobes contain funct ional TRH receptors. 
The d i f ference in neuromtermediate lobe sens i t iv i ty to TRH between 
whi te- and b lack-background adapted animals and the di f ferences in the 
imniunocytochemical sta in ing character ist ics of the i r neuromtermediate lobe t i s -
sue, raise the important quest ion, is there a di f ference m the secretory 
ac t iv i ty of TRH-neurons innervat ing lobes of wh i te- and b lack-background 
adapted Xenopus"* In the expectation tha t a high rate of secretion might lead 
to an altered t issue content of TRH, we decided to quant i fy t issue levels of 
the peptide These resu l ts , showing no s igni f icant d i f ference m neurom-
termediate lobe levels of TRH between wh i te - and black-adapted Xenopus, 
indicate that if d i f ferences in secretory ac t i v i t y exist m response to back-
ground color changes, th is is not ref lected in t issue levels of the pept ide. 
Thus these data argue neither fo r , nor against , a physiological role fo r the 
TRH neurons m the process of background adaptat ion. 
Of cr i t ica l importance in our evaluation of TRH as a potential regulatory 
factor of pars intermedia func t ion , is the fact that amphibians are known to 
have high levels of th is pept ide in the i r skin and plasma (6 , 35) . The poison 
glands of the skm of Xenopus laevis have been shown to synthesize TRH 
(35) In th is species, the extremely high level of TRH m the sk i n , m combi-
nation with the observat ion that brain t issue contains a very low amount of 
th is pept ide, has led to the conclusion that plasma TRH is der ived from the 
skm (16, 35 ) . We too f i nd high plasma values for T R H , bu t could f i nd no 
s igni f icant d i f ference in plasma TRH level between a black- and whi te-adapted 
animal. The observat ion that th is plasma level is approximately 10 M, a con-
centrat ion which is w i th in the range of the dose-response relat ionship we 
established fo r th is pept ide, would indicate tha t fo r any regulatory role m 
the intermediate lobe, i t would have to func t ion at a relat ively high concen-
t ra t ion (above the plasma value of 10 M) . A l te rna t i ve ly , the t issue might 
possess an enzymatic system for degradation of TRH so that melanotropes are 
not cont inuously exposed to the high c i rcu la t ing levels of T R H . In th is 
respect i t should be pointed out that intermediate lobe t issue is poorly vascu-
larized (22) , and thus one might expect a slow de l ivery of TRH from the 
blood. 
In conclusion, whi le the presence of a r ich TRH neuronal network wi th in 
the neural lobe, and the demonstrated st imulatory effect th is pept ide has on 
MSH secret ion, argue favourab ly fo r a physiological role of TRH m regulat ing 
the pars intermedia, some caution is necessary in def in ing the physiological 
role of TRH in Xenopus laevis. The pept ide is capable of g i v ing act ivat ion of 
MSH secretion m lobes of wh i te -background adapted animals and t h u s , m th is 
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physiological state, or d u r i n g the init ial stages of adaptation to black 
b a c k g r o u n d , it could be involved in adjust ing the level of secretion. From our 
results i t would seem d o u b t f u l that TRH has any regulatory role in the pars 
intermedia of f u l l y Ы а с к - b a c k g r o u n d adapted Xenopus laevis. 
ACKNOWLEDGEMENTS 
The authors wish to thank Mr P.M.J.M. C r u i j s e n , Mr T h . A . J . M . Coe-
nen, Mr W. Klootwijk and Mr R.E. Engels f o r excellent technical assistance, 
and Mrs E.M. Jansen-Hoorweg f o r her secretarial assistance. This work was 
supported by EEC g r a n t n r . STI-084-5C. 
REFERENCES 
1. Aizawa, T . and P.M. H m k l e . T h y r o t o r o p i n - r e l e a s m g hormone rapid ly 
stimulates a biphasic secretion of prolact in and growth hormone m GH4C1 
rat p i t u i t a r y tumor cel ls. Endocrinology 116: 73-82, 1985. 
2. A l b e r t , P.R. and A . H . Tashj ian. T h y r o t r o p m - r e l e a s m g hormone-induced 
spike and plateau in cytosol ic free Ca2* concentrat ions m p i t u i t a r y cel ls. 
J. Biol. С hem. 259: 5827-5832, 1984. 
3. Ambrosi , В . , D. Bochicchio, A. S a r t o r i o , M. Rondena and E. Riva. 
ACTH response to TRH and somatostatin m Nelson's syndrome. Horm. 
Metab. Res. 11: 164, 1982. 
4 . Baner j i , A. and C. Prasad. In vivo autoregulat ion of rat adenohypophy-
seal t h y r o t o r p m - r e l e a s i n g hormone receptor. Life Sciences 30: 2293-2299, 
1982. 
5. d e m o n s , G . K . , S.M. Rüssel and C.S. Nicol i . Effects of mammalian 
thy ro t rop in - re leas ing hormone on prolact in secretion by bul l f rog adenohy-
pophysis in v i t r o . Сел. Сотр. Endocrinol. 38: 62-67, 1979. 
6. Cloth ier , R . H . , M. Balls, A . D . Wata, C A . Marsden and G.W. Bennett . 
Location and synthesis of t h y r o t r o p m - r e l e a s m g hormone and 
5 - h y d r o x y t r y p t a m i n e in the skin and thymus of Xenopus laevis. I n : 
Thyrotropm-Releasmg-Hormone, (E.C. G r i f f i t h s , G.W. Bennett, Eds). 
Raven Press, New York, p p . 203-216, 1983. 
7. Connors, J . M . , K . C W r i g h t , A . M . J u d d , C M . Lm and G.A. Hedge. 
Dynamics and regulat ion of TSH secretion by superfused anter ior 
p i t u i t a r y cel ls. Hormone. Res. 14: 1-17, 1981. 
8. Cote, Т . Е . , R.L. Eskay, E.A. Frey, C W . Grewe, M. Munemura, J . С 
Stoof, К. T s u r u t a and J.W. Kebabian. Biochemical and physiological s t u d ­
ies of the beta-adrenoreceptor and the D-2 dopamine receptor in the 
intermediate lobe of the rat p i t u i t a r y glan'd. : A review. Neuroendocrinol-
ogy 35: 217-224, 1982. 
9. Eipper, B.A. and R.E. Mains. S t r u c t u r e and biosynthesis of p r o -
a d r e n o c o r t i c o t r o p m / e n d o r p h i n and related pept ides. Endocrine Rev. 1: 
1-27, 1980. 
10. Gershengorn, M . C , C O . Arevalo, E. Geras and M.J. Rebecchi. 
T h y r o t r o p m - r e l e a s m g hormone stimulation of adrenocort icotropm p r o d u c ­
tion by mouse p i t u i t a r y tumor cells m c u l t u r e . J . C l i n . Invest. 65: 
1294-1300, 1980. 
1 1 . Gona, A . G . and O. Gona. Failure of s y n t h e t i c TRH to el icit metamorpho­
sis in f r o g tadpoles or red-spotted newts. Cen. Сотр. Endocrinol. 20: 
223-225, 1974. 
12. H e r b e r t , E. Discovery of pro-opiomelanocort in: a cellular p o l y p r o t e m . 
Trends in Biochem. Sc/.. 6: 184-186, 1981. 
13. Hogben, L. and D. Slome. The pigmentary ef fector system: V I . The dual 
character of endocrine coordination in amphibian color change. Proc. 
Roy. Soc. London. Ser. В 108: 10-53, 1931. 
14. Hopkins, C R . Localization of adrenergic f i b e r s in the amphibian pars 
intermedia by electron microscope autoradiography and their selective 
146 
removal by 6-hydroxydopamine. Gen. Сотр. Endocrinol. 16: 112-120, 
1971. 
15. Ish ibashi , M . , T . Yamaji. Direct effects of t h y r o t r o p m - r e l e a s m g hormone, 
c y p r o h e p t a d i n e , and dopamine on adrenocort icotropm secretion from 
human c o r t i c o t r o p h adenoma cells in vitro. J . Cl in Invest . 66: 1018-1027, 
1981. 
16. Jackson, Ι M D. and S. Reichlm. T h y r o t r o p m - r e l e a s m g hormone in the 
blood of the f r o g Rana, pipiens: its nature and possible der ivat ion f rom 
regional locations in the skin Endocrinology 194: 1814-1821, 1979. 
17. K u h n , E K , S. Kikuyama, R. Yamamoto and V . M . Darras in vivo 
release of pro lact in in Rana ridibunda fol lowing an intravenous injection of 
t h y r o t r o p m - r e l e a s m g hormone. Cen. Сотр. Endocrinol. 60. 86-89, 1985. 
18. K r u s z y n s k i , M . , U. Ragnarsson, G K u p r y s z e w s k i , M. A lexandrova, V . 
S t r b a k , M . C . , Tonon and H. V a u d r y . TRH analogue wi th c-termmal 
thioamide g r o u p Synthesis, r e c e p t o r - b m d m g , TSH and a-MSH releasing 
act iv i t ies Experientia 14 1576-1577, 1985. 
19 Jenks, B . G . , A . P . van Overbeeke and B.F. McStay. Synthesis, storage 
and release of MSH in the pars intermedia of the p i t u i t a r y gland of Xeno-
pus laevis d u r i n g background adaptat ion. Can J'Zool 55 922-927, 1977. 
20. Jenks, B.G Control of MSH synthesis and release m the aquatic t o a d , 
Xenopus laevis. I n : "Front iers of hormone research" (van Wimersma 
Greidanus, E d ) , v o l . 4, Karger, Basel, pp 63-65, 1977 
2 1 . Kra icer, J . T h y r o t r o p m - r e l e a s m g hormone does not a l ter the release of 
melanocyte-st imulatmg hormone or adrenocort icotropic hormone from the 
rat pars intermedia. Neuroendocrmology 24. 226-231, 1977. 
22. Lametschwandtner, Α . , P. Simonsberger and H. Adam. Vascularizat ion of 
the pars intermedia of the hypophysis m the t o a d . Bufo bufo. Cell Tissue 
Res. 179: 11-16, 1977. 
23 Leroux, P., M.C Tonon, S. Jegou, F. Leboulenger, C. Delarue, I. 
Perroteau, P. Netchita i lo, G. Kupryszewski and H. V a u d r y . In vitro 
s t u d y of f r o g (Rana ridibunda pallas) neuromtermediate lobe secretion by 
use of a simpli f ied penfus ion system. I Effect of TRH analogs upon 
a-MSH release. Cen. Сотр. Endocrinol. 46: 1-23, 1982. 
24. Loh, Y . P. and H Gamer. Biosynthesis, processing and control of release 
of melanotropic peptides in the neuromtermediate lobe of Xenopus laevis. 
J. Cen. Physiol. 70 : 37-58, 1977. 
25. Martens, G . J . M . , B.G. Jenks and A. P. van Overbeeke. Biosynthesis of 
pairs of peptides related to melanotropin, c o r t i c o t r o p i n and endorphin in 
the pars intermedia of the amphibian p i t u i t a r y g l a n d . Eur. J. Biochem. 
122: 1-10,1982. 
26. Mart in T . F . J . and J . A . Kowalchyk. Evidence f o r th e role of calcium and 
diacy lg lycero l as dual second messengers in t h y r o t r o p m - r e l e a s m g - h o r m o n e 
act ion: involvement of d iacy lg lycero l . 'Endocrinology 115: 1517-1526, 
1984. 
27. Morel, G . , E. Leneveu, M.C. Tonon, G. Pelletier, H. V a u d r y and P.M. 
Dubois. Subcel lular localization of t h y r o t r o p m - r e l e a s m g hormone 
( T R H ) - a n d neuropept ide Y (NPY)- l ike immunoreactiv i ty m the n e u r o m ­
termediate lobe of the f r o g p i t u i t a r y . Peptides 6: 1085-1092, 1986. 
28. Nakai, Y and A. Gorbman. Evidence f o r a doubly innnervated secretory 
un i t m the anuran pars intermedia. Cen. Сотр. Endocrinol. 13: 108-116, 
1969. 
29. Peck, V . and G. Gerschengorn Di f ferent ia l regulat ion of t h y r o t r o p m -
releasmg hormone receptors m neoplastic rodent mammotropic, a d r e n o t r o p -
ic and t h y r o t r o p i c p i t u i t a r y cells m c u l t u r e . J. Clin. Endocrinol. Metab. 
50. 1144-1146, 1980. 
30. Schrey, M . P . , B.L. Brown and R.P. Ekms. Studies on th e control and 
dynamics of t h y r o t r o p i n secretion from isolated adenohypophyseal cel ls. 
Mol. Cell. Endocrinol. 8: 271-282, 1977 
3 1 . Seki , T . , Y . Nakai, S. Shioda, T . Mitsuma and S. Kikuyama. D i s t r i b u ­
t ion of immunoreactive t h y r o t r o p m - r e l e a s m g hormone m the f o r e b r a m and 
hypophysis of the b u l l f r o g . Rana catesbeiana. Cell Tissue Res. 233: 
507-516, 1983. 
32. Sheppard M.C. and K . I . J . Shennan. Desensitization of rat anter ior p i t u i ­
t a r y g land to t h y r o t r o p i n releasing hormone. J. Endocrinol. 101: 
101-105, 1984. ,.-, 
33. Shiota, К . , К. Yoshida, T . Masaki, M. Kawase, R. Nakayama and K. 
Sudo. Biphasic release of t h y r o t r o p i n in response to t h y r o t r o p i n - r e l e a s i n g 
hormone (TRH) from rat anter ior p i t u i t a r y cells in vitro: possible depen­
dence on prote in synthes is . Endocrinol. Japon. 31: 165-175, 1984. 
34. S t e r n b e r g e r , L.A. "Immunocytochemistry" 2nd e d . Wiley, New York, 
1979. 
35. R i c h t e r , К. , E. Kawashima, R. Egger and G. K r e i l . Biosynthesis of t h y ­
r o t r o p i n releasing hormone in the sk in of Xenopus laevis: part ia l 
sequence of the p r e c u r s o r deduced from cloned cDNA. EMBO J. 3: 
617-621, 1984. 
36. T a u r o g , Α . , С. Ol iver, R.. Eskay, J . C . Porter and J . M . McKenzie. The 
role of TRH in the neoteny of the Mexican Axolot l (Ambystoma mexica-
num). Сел. Сотр. Endocrinol. 24: 267-279, 1974. 
37. T e r l o u , M . , H J . T h . Goos and P.G.W.J. van O o r d t . Hypothalamic regula­
t ion of pars intermedia a c t i v i t y in amphibians. I n : Fortschritte der Zool­
ogie (M. L indauer, e d . ) , v o l . 22, V e r l a g , S t u t t g a r t , pp 117-134, 1974. 
38. T o non, M . C . , P. Leroux, F. Leboulenger, С. Delarue, S. Jegou and H. 
V a u d r y . T h y r o t r o p i n - r e l e a s i n g hormone stimulates the release of melano-
t r o p m from f r o g neuromtermediate lobes in v i t r o . Life Sciences 26: 
869-875, 1980. 
39. T o n o n , M . C . , P. Leroux, M.E. Stoeckel, S. Jegou, G. Pelletier and H. 
V a u d r y . Catecholammergic control of α-melanocyte-st imulat ing hormone 
(α-MSH) release by f r o g neuromtermediate lobe in vitro: Evidence for 
d i r e c t st imulation of α-MSH release by t h y r o t r o p i n - r e l e a s m g - h o r m o n e . 
Endocrinology 112: 133-141, 1983. 
40. Vale, W., J . Rivier and M. Brownstein. Regulatory peptides of the hypo­
thalamus. Ann. Rev. Physiol. 39: 473-527, 1977. 
4 1 . Vandesande, F. and M. Aspeslagh. Failure of t h y r o t r o p i n releasing hor­
mone to increase 1251 uptake by the t h y r o i d in Rana temporaria. Gen. 
Сотр. Endocrinol. 23: 355-356, 1974. 
42. Vandesande, F. Thesis. R i jksunivers i te i t Gent, Belgium, 1978. 
43. V a u d r y , H . , M.C. Tonon, С Delarue, R. Vai l lant and J . Kraicer. Biol­
ogical and radioimmunological evidence f o r melanocyte st imulat ing hormones 
(MSH) of e x t r a p i t u i t a r y or ig in in the rat b r a i n . Neuroendocrinology 27: 
9-24, 1978. 
44. V e r b u r g - v a n Kemenade, B . M . L . , M. Tappaz, L. Paut and B.C. Jenks. 
GABAergic regulat ion of melanocyte-stimulatmg hormone secretion from the 
pars intermedia of Xenopus laevis: Immunocytochemical and physiological 
evidence. Endocrinology 118: 260-267, 1986. 
45. V e r b u r g - v a n Kemenade, B . M . L . , B.G. Jenks and A . P . van Overbeeke. 
Regulation of melanotropm release from the pars intermedia of the amphi­
bian Xenopus laevis: Evaluation of the involvement of serotonergic, cho­
l inergic or adrenergic receptor mechanisms. Cen. Сотр. Endocrinol. 63: 
471-480, 1986. 
46. V isser , T h . J . , W. Klootwi jk, R. Docter and G. Henneman. A new radio­
immunoassay of the t h y r o t r o p i n - r e l e a s i n g hormone. Febs, letters 83: 
37-40, 1977. 
47. V isser , T h . J . and W. Klootwi jk. Approaches to a markedly increased sen­
s i t i v i t y of the radioimmunoassay for t h y r o t r o p i n - r e l e a s i n g hormone by 
d e r i v a t i z a t i o n . B . B . A . 673: 454-466, 1981. 
48. Whur, P. and B. Weatherhead. Rates of incorporat ion of ЗН-leucine into 
proteins of the pars intermedia of the p i t u i t a r y in the amphibian Xenopus 
laevis a f ter change of background color. J. Endocrinol. SI: 521-532, 
1971. 
148 
Chapter 10 
A NPY-LIKE PEPTIDE MAY FUNCTION AS MSH-RELEASE INHIBITING 
FACTOR IN XENOPUS LAEVIS 
Peptides 8, 2 (7957) 
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ABSTRACT 
This s tudy demonstrates the presence of a r ich plexus of neuropeptide Y 
(NPY) immunoreactive f ib res m the hypothalamus and in the intermediate lobe 
of the p i t u i t a ry of Xenopus laevi's Dur ing superfusion of neurointermediate 
lobe t issue, synthet ic NPY induces a rap id , powerful and dose-dependent 
inh ib i t ion of in vitro release of MSH, endorphin and other proopiomelanocortin 
(POMO der ived peptides There fore , NPY undoubtedly is one of the growing 
number of neuropeptides that are l ikely involved in control of the amphibian 
MSH cells Al though a number of st imulatory neuropeptides have been found , 
th is is the f i r s t neuropept ide to apparent ly funct ion th rough an inh ib i to ry 
mechanism In that a 2-h treatment with NPY did not inf luence POMC bios-
ynthes is , nor processing of th is prohormone to smaller pept ides, we conclude 
that the pr imary action of NPY is a d i rect effect on the secretory process of 
the MSH cell 
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INTRODUCTION 
A t h i r t y - s i x ammo acid pept ide, isolated from porcine brain ex t rac ts , 
has been called neuropept ide Y (NPY) because of its high sequence homology 
wi th peptide YY (PYY) , a recently discovered porcine intest inal peptide (24) . 
Immunohistochemical studies have revealed NPY-posi t ive neurons th roughout 
the central and per iphera l nervous system ( 1 , 3, 6, 19, 20, 25) . I t may, 
indeed, represent one of the most widespread of the neuronal pept ides. At 
the u l t ras t ruc tu ra l level , NPY-l ike immunoreact iv i ty has been found in dense 
core vesicles of neuronal cell bodies, dendr i tes and axonal processes, some of 
which were seen to make synaptic contacts wi th other neuronal elements (2 , 
21). From these results it has been proposed that NPY may funct ion as a 
neurotransmit ter or neuromodulator. While m the pe r i phe ry , NPY has been 
shown to funct ion as a very potent vasoconstr ic tor (6, 10, 13), its funct ional 
importance in the central nervous system is st i l l largely unknown. Recent 'y, 
Danger et a l . (4) have presented evidence that NPY might have a neuroen-
docrine funct ion m the hypothalamo-hypophyseal complex. With immUnocyto-
chemistry they demonstrated a plexus of NPY-conta inmg f ibres in the median 
eminence and pars intermedia of the p i t u i t a ry gland of the amphibian Rana 
ridibunda. Moreover, they showed that synthet ic NPY is a potent inh ib i tor of 
melanophore-st imulat ing hormone (MSH) release from isolated superfused neu-
romtermediate lobes (5 ) . These results suggest a possible physiological role 
for an NPY-l ike pept ide as an MSH-release inh ib i t ing fac tor . 
The purpose of the present invest igat ion was, f i r s t , to establish immuno-
cytochemically whether an NPY-l ike pept ide is present m the neuromtermedia-
te lobe of Xenopus laevis and, secondly, to establish whether in th is species 
NPY has an effect on secretion of a-MSH and other POMC-derived pept ides. 
In the pars intermedia of the amphibian p i t u i t a ry gland MSH is synthesized 
from a precursor p ro te in , proopiomelanocortin (POMC), the proteolyt ic cleav-
age of which gives rise not only to a-MSH but also to o ther bioactive pep-
t ides, inc luding ï-MSH and an endorphm- l i ke pept ide (16, 17). Release of 
these peptides is under hypothalamic control and , in the amphibian Xenopus 
laevis, we have shown that both inh ib i to ry and st imulatory mechanisms are 
involved m th is regulat ion (27, 28, 29, 30) . While the funct ion of the other 
POMC-derived peptides has not been establ ished m amphibians, we have con-
sidered the possib i l i ty that mult iple regulatory factors might allow for a selec-
t ive regulat ion of secretion such that release of one of these peptides or a 
group of these peptides is favoured over another. There fo re , pulse-chase 
experiments were conducted to determine if NPY has any inf luence on ei ther 
the biosynthesis and processing of POMC or the pro f i le of POMC-derived pep-
tides secreted from the intermediate lobe t issue. 
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MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred and reared in our aquatic fac i l i t y (Catholic Univer-
s i t y , Nijmegen) Pr ior to the experiments animals were adapted to black or 
whi te background fo r two to fou r weeks under constant i l lumination at 22C 
Immunocytochemistry for NPY 
Brain and p i t u i t a r y t issue was dissected and immediately f ixed in Bouin-
Hollande Tissue was embedded m paraff in and sectioned at 5 ym for immuno-
cytochemistry wi th the peroxidase-ant iperoxidase method of Sternberger (22), 
m which 4-CI-Naphto l was used as oxygen acceptor NPY antiserum was used 
at a f inal d i lu t ion of 1 400 Specif ici ty of immunostammg was determined by 
preabsorpt ion wi th synthet ic NPY Danger et al (5) have shown by radio-
immunoassays tha t th is ant iserum has no crossreact iv i ty wi th avian polypep-
t ide (APP) and PYY, and demonstrated that preabsorpt ion with the lat ter 
peptides had no inf luence on cytochemical s ta in ing 
In vitro superfusion of neuromtermediate lobe tissue 
A f resh ly dissected neuromtermediate lobe was placed on a nylon gauze in a 
10 yl superfus ion chamber The system was designed for simultaneous super-
fusion of fou r lobes Incubation medium (112 mM NaCI, 2 mM KCl , 2 mM 
CaCU, 15 mM Hepes pH 7 38, 0 3 mg/ml BSA, 2 mg/ml glucose, carbogen 
aerated) was pumped th rough each chamber at a rate of 1 5 ml/h Tempera-
tu re was kept constant at 22C Fractions f rom each chamber were collected 
every 7 5 mm At least 8 superfusion f ract ions were collected before swi tch-
ing to medium containing NPY, which was usual ly superfused for a 15 mm 
per iod , fol lowed by re tu rn to normal incubation medium A minimum of 8 f rac-
tions were collected between subsequent 15 mm pulses of NPY Collected f rac-
t ions were ei ther submit ted almost immediately to radioimmunoassay or stored 
frozen for later assays Results obtained from the superfusion of individual 
lobes were calculated as "o of basal level of secretion Basal level was defined 
as the average secretion du r i ng several f ract ions before administrat ion of 
NPY Ind iv idua l results were then averaged and SEM calculated 
Radioimmunoassays 
RIA for a-MSH o-MSH was determined wi th an antiserum which displays 
equal sens i t i v i ty to des-Na-acetyl-a-MSH and a-MSH (26) Separation of 
bound and unbound MSH was achieved ei ther w i th goa t -an t i - rabb i t serum or 
wi th polyethylene glycol ( f inal concentrat ion 7 5°) Synthet ic a-MSH (Sigma) 
was used as a standard Sensi t iv i ty threshold of the assay is 5 pg Al l sam-
ples were measured m dupl icate 
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RIA for ^-endorphin Endorphin was measured w i t h an antiserum 
produced to porcine e n d o r p h i n . Character ist ics of th is antiserum have been 
publ ished (9) and it has been used ear l ier m studies wi th Xenopus laevls 
(27) . Di lut ion curves obtained with Xenopus intermediate lobe extracts d i d not 
completely parallel those obtained wi th porc ine ^endorphin (Peninsula Lab. 
Ine , CA) T h e r e f o r e , w i th in one assay all superfus ion fract ions were assayed 
at t h e same d i lut ion Thus the results g i v e the relat ive amount of endorphin 
released b u t they cannot be considered to be absolute values. 
Pulse-chase analysis of the NPY-treated neuromtermediate lobe 
Neuromtermediate lobes f rom black-adapted Xenopus laevis were e x t i r p a t e d 
and r insed m incubation medium Lobes from black-adapted animals were used 
because they have high rates of POMC biosynthesis ( 1 6 ) . Control lobes were 
premcubated for 2 h m 500 μΙ incubation medium The experimental g r o u p was 
premcubated in medium containing NPY (3.2 χ 10" M ) . Subsequent ly, both 
groups of lobes were pulse- incubated, each m 50 μΙ of medium containing 25 
3 3 
uCi [ H] phenylalanine (75 Ci/mmol, Amersham) and 25 yCi [ H ] l y s i n e (130 
Ci/mmol, Amersham). Lobes were then r insed f o r 5 mm in 200 μΙ of chase-
mcubated medium which was 2 5 mM m L-lysme and L-phenylalamne, followed 
by a 3-h chase incubation in 500 yl of t h i s medium (volume 500 μΙ) In the 
case of the NPY-treated g r o u p , NPY (3 2 χ 10 M) was also present d u r i n g 
the p u l s e - m c u b a t i o n , the wash and the chase-mcubat ion. At the end of the 
chase-mcubation the lobes were homogenized in 750 μΙ ice-cold 0 1 N HCl, 
c e n t n f u g e d f o r 5 mm at 10,000 g , 4C and the supernatant f ract ion was stored 
at -20C unt i l the chromatographic analysis was c o n d u c t e d . Chase-media were 
p u t on ice, and 50 μΙ of 1 N HCl was added Following c e n t n f u g a t i o n , the 
supernatants were stored at -20C HPLC separation of radioactive peptides 
was achieved wi th a s p h e n s o r b 10 ODS column (Chrompack 200 χ 4.6 mm 
i .d ). The elut ion g r a d i e n t consisted of 0.5 M formic ac id, 0.14 M p y r i d i n e 
(pH 3 0, solvent A) and 1-propanol (solvent B ) . The flow rate was 2 ml/mm, 
1 ml f ract ions were collected and 4 ml of emulsif ier sc int i l la tor 299 ( P a c k a r d , 
Brussels, Belgium) were added to each f r a c t i o n . Radioactiv i ty was determined 
wi th a l i q u i d - s c i n t i l l a t i o n analyzer. 
RESULTS 
Immunocytochemical identification 
Immunoreactive p e n k a n a and some axons could oe detected w i t h i n the preop­
t i c region of the hypothalamus ( F i g . 1a,b) Axonal pro ject ions, as judged 
from the beaded appearance of the staining deposi ts, were numerous m the 
p i t u i t a r y s ta lk , w i t h a p a r t i c u l a r l y dense appearance w i t h i n the median emi-
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Fig 1 Immunohistochemical staining of hypothalamus and pi tui tary of Xeno-
pus laevis with antiserum to NPY (a) NPY positive staining in hypothalamus 
median eminence and intermediate lobe of the pi tui tary gland (magnification 
28x) (b) Enlargement of the NPY-positive cells in the pre-optic region of 
the hypothalamus (magnification lOOx) (c) Enlargement of the NPY-posit ive 
reaction in p i tu i tary gland and median eminence (magnification lOOx) (d ) 
Details of the NPY-posit ive staining in the pi tui tary gland (magnification 
300x) (e) Control of specificity of the NPY staining by immunoabsorbtion of 
the antiserum with synthetic NPY (magnification lOOx) Abbreviations p i , 
pars intermedia, p d , pars distahs, pn, pars nervosa, me median eminence, 
V I I I , th i rd ventr ic le , oc, optic chiasma 
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nence ( F i g . 1 c ) . The neural lobe of the p i t u i t a r y contained l i t t l e 
immunoreactive staining while the intermediate lobe exhib i ted s t rong immunos-
ta in ing of a beaded nature around the melanotrope cells ( F i g . I d ) . The distal 
lobe was devoid of immunostaining. Immunoabsorption wi th synthet ic NPY elim­
inated all immunostaining ( F i g . l e ) . 
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Fig 2 Effect of synthetic NPY on basal secretion of MSH and endorphin 
(END) during In vitro superfusion of neuromtermediate lobe tissue of black-
background adapted Xenopus laevis. Three 15-min pulses of NPY were given. 
Time period and concentrations are indicated in the f igure Figures represent 
the average results obtained from two individual neuromtermediate lobes The 
100 .^ values for basal release were defined from the average secretion in frac­
tions 19-21 These values were 260 and 528 pg MSH/7 5-min fraction and 944 
and 3104 pg equivalents endorphin/7.5-min fraction Bars indicate -SEM. 
Effect of NPY on release of immunoreactive MSH and endorphin during in 
vitro superfusion 
NPY caused a rapid and dose-dependent inh ib i t ion of MSH secret ion. This 
inhibi t ion was found w i t h t issue of both black- and white-adapted animals and 
-8 -6 
the effect ive doses ranged from 10 M to 10 M ( F i g . 2, Table 1 ) . F igure 
2 shows that NPY is also v e r y potent in inh ib i t ion of endorphin release from 
superfused neurointermediate lobes. The dose-response relat ionship is compa­
rable to that found f o r inhibi t ion of MSH secret ion. The i n h i b i t o r y reaction 
was always found to be revers ib le. For lower concentrat ions of NPY it took ± 
20 min before secretion had returned to basal level , whereas a f t e r almost f u l l 
-6 inhibi t ion of secretion by a dose of 10 M NPY complete reversal took 
approximately 75 min. Tissue exposed f o r a re lat ive ly long time to NPY (1 h) 
showed no sign of desensitization to the i n h i b i t o r y effect of th is pept ide and 
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Table I Dose-response relationships f o r NPY-mduced inhibition of MSH 
release from superfused neuromtermediate lobes of black- and white-
background adapted Xenopus laevls. 
cone. NPY 
1 χ ΙΟ"8 M 
1 χ ΙΟ"7 M 
3 2 χ ΙΟ"7 M 
1 χ ΙΟ"6 M 
black 
% Inhibition 
28 ± 7.5 ( 4 ) * 
58 ± 14.0 ( 4 ) * 
56 ± 3 4 (16)-"· 
93 ± 2.3 ( 8 ) ' * · 
white 
% inhibition 
21 + 5.8 (4) 
63 ± 5.8 ( 1 2 ) " 
67 ± 11.6 ( 4 ) * " 
93 ± 3.7 ( 4 ) " * 
NPY was administered d u r i n g two consecutive 7 5-min periods Basal release 
was defined as the average secretion of MSH d u r i n g the t h r e e 7 5-min periods 
before NPY administration Percent inhibition in relation to this value was cal­
culated from the amount of MSH released during the t h i r d 7 5-min fraction 
a f t e r t h e start of NPY administration Number of individual lobes used is 
indicated between brackets * Indicates significant difference from control 
values as determined by S t u d e n t - t - t e s t (*p<0 05, **p>0 005; * * * p < 0 001) 
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Fig 3. Effect of NPY on basal secretion of MSH d u r i n g in vitro superfusion 
of neuromtermediate lobes of black-background adapted Xenopus laevis. NPY 
was administered d u r i n g 2 periods of the superfusion as indicated in the f i g ­
ure Figure represents the average of 4 individual neuromtermediate lobes 
100% Level of basal secretion was calculated from fractions 10-12. These val­
ues were 366, 1872, 1248, 452 pg MSH/7 5 mm fractions. Bars represent 
-SEM 
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the treatment d i d not influence the time necessary f o r recovery of MSH 
release to basal level ( F i g . 3 ) . S u l p i r i d e , a dopamine D2 receptor antagonist 
which has been shown to antagonize all catecholamine receptors in Xenopus 
intermediate lobes (29) , d id not inf luence the NPY-induced inh ib i t ion of MSH 
secretion (F ig 4) 
Effect of NPY on biosynthesis, processing and secretion of POMC and 
POMC-derived peptides 
The result of a 2-h incubation of neurointermediate lobes in medium contain ing 
NPY, wi th subsequent ly 1 h pulse- and 3 h chase-incubat ion, revealed that 
3 
the incorporat ion of H amino acids into POMC-derived peptides is the same as 
that measured in control lobes ( F i g . 5 ) . No di f ference was found in the HPLC 
prof i les of newly synthesized peptides in control and NPY t reated lobes. The 
only d i f ference f o u n d was that the rate of release of the POMC-derived pep­
tides d i f f e r e d . NPY (3x10 M) gave approximately 65° inh ib i t ion of the secre­
tion of all newly synthesized peptides ( F i g . 5 ) . 
V. basal level (MSH) 
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traction no. 
Fig. 4. Lack of effect of sulpiride on the NPY-mduced inhibition of MSH 
secretion d u r i n g in vitro superfusion of neuromtermediate lobes of black-
background adapted Xenopus loevis. T h r e e 15-min pulses of NPY were given 
as indicated in the f i g u r e . T h e second NPY pulse was given d u r i n g the 
period of sulpiride administration. Figure represents the average of 4 indi­
vidual neuromtermediate lobes. 100% level of basal release was calculated 
from the average secretion in fraction 20-22 and these valves were Ί956, 
1644, 1700, 1888 pg MSH/7.5 mm fraction Bars indicate -SEM. 
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Fig. 5. Effect of NPY on biosynthesis, processing and secretion of POMC-
derived peptides in the pars intermedia of Xenopus laevis. H PLC analysis of 
pulse-chase incubation with ( r i g h t ) or without ( l e f t ) NPY treatment. Peak 
identification has been published earlier ( 1 5 , 16, 1 7 ) . I , Ï -MSH/&-MSH ; I I , 
des-No-acety l - i -MSH ; IV , a -MSH/CLIP 1 ; V , CLIP 2; V I I , V i l i , two forms 
of endorphin; X I , proopiomelanocortin. 
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DISCUSSION 
Our immunocytochemical analysis clearly showed a wide d is t r ibu t ion of 
NPY-immunoreactive f ib res in the central nervous system of Xenopus, w i th 
many cells sta in ing m the preopt ic area and a dense f i b r e network m the 
median eminence Some of these f ib res apparent ly coursed th rough the median 
eminence to reach the neuromtermediate lobe of the p i t u i t a r y , pr imar i ly the 
pars intermedia Two interest ing observat ions were made F i r s t l y , the 
extremely dense granu lar staining which occured around the melanotrope cells 
of the pars intermedia, and secondly, the complete absence of immunoreact iv i -
t y in the distal lobe The beaded appearance of the immunoreaction wi th in the 
pars intermedia indicates that terminals from neurons containing an NPY-l ike 
material end wi th in th is t issue Electronmicroscopical invest igat ions wil l have 
to reveal whether these terminals make d i rect synapt ical contacts wi th the 
melanotrope cell A ve ry similar pat tern of NPY immunoreactive d is t r ibu t ion 
has been found by Danger et al (4) fo r the species Rana ndibunda 
Results of the superfusion experiments show that NPY is very potent in 
inducing a dose-dependent inhibi t ion of MSH secretion It has been prev ious ly 
shown that a number of classical neurotransmit ters (e g catecholamines, 
GABA) are probably physiological ly important re lease- inhib i t ing factors m the 
regulation of pept ide secretion from Xenopus intermediate lobe melanotropes 
(7, 8, 27, 28, 29) We have also obtained evidence that neuropept ides, 
inc luding TRH (30) , sauvagine and CRF (manuscr ipt submit ted) may be 
involved in st imulat ing MSH release The present s tudy gives the f i r s t ev i -
dence for a neuropept idergic inhibi t ion of secretion m Xenopus 
As it has been established tha t catecholamines are very potent inh ib i tors 
of MSH release and that catecholammergic neurons are present in the Xenopus 
neuromtermediate lobe (28, 29), we decided to invest igate whether the i nh ib i -
to ry effect of NPY could be exerted by presynapt ic st imulation of catecholam-
mergic neurons This suggestion was excluded by the observat ion tha t su lp i -
r ide , which we have previously shown to antagonize the catecholamine 
receptors m the Xenopus neuromtermediate lobe (29) had no effect on NPY-
mduced inhib i t ion of MSH release We therefore consider it l ikely tha t NPY 
interacts d i rec t l y wi th the melanotrope m inducing the inhib i t ion of secretion 
Our resul ts show that NPY is equal ly potent m inh ib i t i ng MSH release 
from lobes taken from animals on white as well as black backgrounds We have 
previously found tha t the physiological state of Xenopus, w i th respect to 
adaptation to whi te or black background, can inf luence the subsequent sensi-
t i v i t y of the neuromtermediate lobe to neuropept ides (30, manuscr ipt submit-
t ed ) . The peptides T R H , sauvagine and CRF predominant ly st imulated MSH 
secretion f rom lobes obtained f rom whi te-adapted animals and we there fore 
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concluded tha t these peptides may only be of phvsiologica' importance m 
animals on wh i te -background or du r ing ini t ia l stages of adaptation to b lack-
background The inh ib i to ry pept ide NPY clearly has the potential to regulate 
the secretory process in ei ther physiological state 
The amphibian melanotrope is regulated by mult iple factors but the phys -
iological s igni f icance of th is observation is not understood A possible reason 
for th is complexi ty could be connected with the fact that MSH is der ived f rom 
the prohormone POMC, which has the potential to generate a number of bioac-
t i ve peptides Mult ip le regulatory- factors could be involved in modulating the 
pro f i le of peptides in the secretory signal of the melanotrope The results of 
a number of s tud ies, however, have indicated tha t there is a coordinated reg -
ulation in the secretion of POMC-denved peptides from Xenopus melanotropes 
(15, 27) Simi lar ly , in the present study we show that NPY induces a simul-
taneous inhib i t ion in the secretion of immunoreactive MSH and immunoreactive 
ßendorphm From the results of the pulse-chase exper iment , where the effect 
of NPY on the release of all newly synthesized peptides der ived from POMC 
could be analyzed, our conclusion of coordinate inh ib i t ion of secretion by NPY 
can be extended to include the ent ire family of POMC-denved peptides 
Moreover, judg ing from the HPLC-prof i les of the newly synthesized peptides 
m the la t ter exper iment , we also conclude that NPY has no immediate effect 
on ei ther the biosynthesis of POMC nor on the d i rect ion of proteolyt ic p ro -
cessing of the prohormone 
Recent studies have indicated that , in both the central and peripheral 
nervous system, neuropeptides are often localized m and released from the 
same nerve terminal as classical neurotransmit ters (14, 31) There are now 
several examples of coordinate funct ion at the ef fector level fo r co-localized 
factors ( 1 1 , 14) It is relevant to the present invest igat ion to note that NPY, 
which in per ipheral systems is recognized as a h igh ly potent vasoconstr ictor 
(10, 13), has been found to be co-localized wi th catecholamines (11 , 12, 23) 
or GABA (31) , two neurotransmit ter substances which are established as 
potent inh ib i tors of MSH secretion in Xenopus (27, 29) The above observa-
t ions raise the in terest ing possibi l i ty that inhib i t ion of secretion in the neu-
romtermediate lobe th rough NPY i tsel f , or in combination wi th the inh ib i to ry 
action of catecholamines or GABA, might be accompanied by NPY-mduced 
vasoconstr ict ion of the vascular bed supply ing blood to the t issue In consid-
er ing the physiological s igni f icance of multiple regulatory factors in the pars 
intermedia it may therefore be important to examine the i r actions not only on 
the melanotrope, but at the t issue level as well 
In conclusion, the present s tudy in Xenopus laevis, together with the 
f ind ings m Rana ridibunda, make it very l ikely tha t m amphibians, an NPY-
like pept ide is involved m the physiological regulat ion of hormone secretion 
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from the intermediate lobe. Give1 the relative homogenity of the cell 
population of the amphibian par* intermedia, this tissue is well-suited for 
studies concerning the characteristics of NPY-receptors and for investigating 
the intracellular mechanisms through which this neuropeptide functions. 
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Chapter 11 . 
REGULATION OF MSH-RELEASE FROM THE NEUROINTERMEDIATE LOBE OF 
XENOPUS LAEVIS BY CRF-LIKE PEPTIDES 
Peptides. Submitted 
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ABSTRACT 
Immunocytochemical studies showed the presence of a f ib re system con-
ta in ing a CRF- l ike pept ide in the median eminence and in the neural lobe of 
the p i tu i ta ry gland of Xenopus laevis. Dur ing in vitro superfusion of neuro in-
termediate lobe t issue, CRF, sauvagine and urotensm I induced a rapid and 
dose-dependent stimulation of secretion of MSH and endorphin . Tissue of 
whi te background adapted animals displayed a remarkably h igher sensi t iv i ty to 
CRF and sauvagine than t issue from animals that were adapted to a black 
background. Dur ing superfusion of isolated melanotrope cells in suspension, it 
was shown that CRF and sauvagine exerted the i r effect d i rec t ly on the mela-
notrope cel l . We therefore conclude that there is morphological and biochemical 
evidence to consider a CRF-l ike peptide as a physiological MSH-releasing fac-
t o r . 
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INTRODUCTION 
Cor t icot rop in- re leasmg factor (CRF) ¡s a 41 aminoacid pept ide (31) which 
¡s wel l-establ ished as potent stimulator of ¡η vivo (27, 28, 29) and in vitro 
(28, 36) ACTH secretion from the mammalian anter ior p i t u i t a r y gland I t has 
been shown that m two non-mammalian v e r t e b r a t e species, the goldf ish (10, 
11) and the f r o g Rana ndibunda (34) , CRF is also able to stimulate ACTH 
secretion from cor t icotrope cells. The proposed neuroendocrine f u n c t i o n f o r 
this peptide m mammals is supported by its immunocytochemical demonstration 
m th e hypothalamus, median eminence and neural lobe (44) A similar d i s t r i ­
but ion of immunoreactive material has been shown f o r lower v e r t e b r a t e spec­
ies, inc luding the goldf ish and the f r o g Rana ridibunda (33, 44) In th is lat­
t e r species some f i b e r s were also found m the pars intermedia, indicat ing t h a t 
a CRF-like peptide could also be involved in the neuroendocrine regulat ion of 
the release of MSH from the intermediate lobe of the p i t u i t a r y . In th is r e g a r d 
it has been shown f o r the rat that ovine CRF (o-CRF) is able to st imulate 
release of a-MSH ( 2 , 26, 3 0 ) . Bovine intermediate lobe cells c o u l d , however, 
not be stimulated (4) I n t e r e s t i n g l y , despite the posit ive CRF immunoreaction 
in the pars intermedia of Rana, the pept ide had no effect on the In vitro 
release of a-MSH from the neuromtermediate lobe of th is species ( 3 4 ) . 
The non-mammalian pept ides, sauvagine and urotensm I, show a remark­
able sequence homology w i t h CRF (8, 17, 18, 25) As many as 20 of the 40 
amino acids are found m a homologous r e g i o n , while 12 other amino acids 
could be accounted f o r by a single base-pair change of t h e i r genetic code. 
Urotensme I has been isolated from teleost f ish Urophysis and sauvagine f rom 
the skin of the South-American f r o g Phylomedusa sauvagea. Sauvagine and 
urotensm I are potent ACTH releasing factors in rat ( 6 , 8, 16, 28) Also in 
f ish they may stimulate ACTH secretion ( 9 , 10, 1 1 , 17) Cort icotrope and 
intermediate lobe cells of Rana ndibunda, however, were insensit ive to these 
peptides (34) . 
In view of the species-specif ic f i n d i n g s reported above f o r CRF, we have 
invest igated the involvement of CRF-related peptides in the regulat ion of 
secretion from the intermediate lobe melanotropes of Xenopus laevis The pars 
intermedia of t h i s amphibian plays an important role m the process of back­
g r o u n d adaptat ion, namely the secretion of MSH when the animal is on black 
background (3, 5, 14) It has alsready been shown t h a t MSH release is con-
t r o l e d by classical neurotransmit ters ( 2 1 , 39, 4 1 , 43, 21) and by p e p t i d e r g i c 
factors (38, 42) of hypothalamic o r i g i n . 
In o u r invest igat ion of possible involvement of CRF-related peptides m 
the regulat ion of the pars intermedia of Xenopus laevis, we have 1) d e t e r ­
mined by immunocytochemistry if t h e r e is morphological basis f o r regulat ion 
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t h rough CRF- l ike pept ides, 2) examined the effects of CRF, sauvagine and 
urotensin I on release of MSH du r i ng ¡n vitro superfusion of neuromtermedi-
ate lobe t i ssue, and 3) examined the response of isolated melanotropes to 
these peptides to determine if they funct ion th rough d i rect * action on the 
MSH-cel l . o-MSH is der ived from a large precursor p ro te in , p ro -
opiomelanocrotm (POMC), which in Xenopus melanotrope cells is proteolyt ical ly 
cleaved to form a number of peptides inc luding endorphin (20, 22) . We there -
fore extended our analysis to include the effect of CRF-related peptides in 
the secretion of immunoreactive endorphin m order to examine the possible 
occurrence of coordinate or selective regulat ion of release of POMC-denved 
pept ides. 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred in our aquatic fac i l i t y and reared on grey back-
g round . Pr ior to the exper iments, the animals were adapted for at least two 
weeks to whi te or black background at 22C and constant i l luminat ion. 
Immunocytochemistry with anti-CRF 
Brain and p i t u i t a r y t issue were f i xed m Boum-Hol lande, paraplast embedded, 
and 5 ym sections were immunostamed overn igh t at 4C wi th the peroxidase-
ant i -peroxidase method according to Sternberger (32) using 4 Cl-naphtol as 
oxygen acceptor The C- termmal ly di rected antiserum (code CI 24,) d i lut ion 
1 150, was raised against o-CRF and was prov ided by Dr L. Linton (Redd ing, 
England) . In radioimmunoassays the ant ibody d id not show appreciable cross-
react iv i ty wi th sauvagine or urotensin (19) . Control experiments were per-
formed af ter adsorpt ion of the antiserum wi th o-CRF or sauvagine. 
In vitro superfusion of neuralntermediate lobe tissue 
Our superfus ion system contains four independent superfusion chambers ( vo l -
ume 10 μΙ each). A single neuromtermediate lobe was placed in each chamber 
and incubation medium (112 mM NaCI, 2 mM KCl, 2 mM CaCU, 15 mM Hepes 
pH 7.38, 0.3 mg/ml BSA, 2 mg/ml glucose and carbogen aerated) was pumped 
t h r o u g h the chambers at a rate of 1.5 ml/hr at 22C. Fractions of 7 5 mm 
were collected and stored at -20C unt i l submission to radioimmunoassay f o r 
MSH or e n d o r p h i n . A f t e r a 1-h equi l ibrat ion per iod a superfusion medium was 
given which contained o-CRF, sauvagine or u r o t e n s i n . A f t e r 15-min pulse the 
system was switched again to standard incubation medium. Maximum s u p e r f u -
sion time was 6 h d u r i n g which a maximum of f o u r pulses of neuropept ide 
could be g i v e n . Results of separate experiments are expressed as a percent-
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age of basal secret ion, 100oo basal secretion is def ined as the average MSH or 
endorphin value that was measured du r i ng the 15 mm before secretagogue 
addit ion Results of the indiv idual lobes were then averaged and SEM values 
were calculated 
Preparation of cell suspensions 
Preparation of cell suspensions and tests concerning cell v iab i l i t y have been 
publ ished earl ier (39) Neuromtermediate lobes were dissected in incubation 
medium (IM) containing 112 mM NaCI, 2 mM KCl , 2 mM CaCl j 2 H^O, 2 mg/ml 
glucose, 15 mM Hepes pH 7 38 The medium was preaerated with carbogen 
The t issue was subsequently t rans fer red to 1 5 ml IM to which was added 3 
mg/ml bovine serum albumin (BSA, Sigma f ract ion V ) , 1 mg/ml collagenase 
(Sigma) and 1 25 mg/ml dispase (grade II lyophi l isât , Boehnnger) and incu -
bated for 1 h in a shaking waterbath at 22C A f te r cent r i fugat ion (10 mm, 
200 g , 22C) the pellet was carefu l ly suspended in 1.5 ml Ca-free medium to 
which 3 mg/ml BSA and 0 4 mg/ml EDTA were added The suspension was 
cen t r i f uged , resuspended in 1 5 ml Ca-f ree medium wi th 3 mg/ml BSA and 
1 25 mg/ml dispase and incubated for 30 mm at 22C wi th shaking Tissue 
fragments were then allowed to settle and the supernatant containing melano-
tropes in suspension ( f ract ion 1) was saved The fragments were r insed and 
retreated wi th Ca- f ree medium containing BSA and dispase, and cent r i fuged 
fo r 3 mm at 200 g over a nylon f i l te r (pore size 0 15 mm) The collected cell 
suspension ( f rac t ion 2) was combined wi th f rac t ion 1 and cent r i fuged (10 mm 
200 g) The pellet was r insed and resuspended m medium containing 3 mg/ml 
BSA, 0 8 mg/ml EDTA. Finally it was cen t r i fuged and suspended m 
incubation medium wi th 0.3 mg/ml BSA Al l glassware was sil iconized 
Superfusion of isolated melanotropes 
Cells were suspended m a small volume of incubat ion medium and loaded m a 
50 μΙ superfusion chamber wi th a mil l ipore 0 45 ym f i l t e r ( t y p e HA) at the 
out let to s u p p o r t a layer of biogel P2 (B iorad) A f t e r loading, t he chamber 
was f i l led w i t h b iogel . Medium was pumped w i t h a per is ta l t ic pump at a rate 
of 1 5 ml/h and 7 5-mm fract ions were collected in 100 μΙ ice-cold 0 1 N HCl 
Fractions were stored at -20C before submission to radioimmunoassay. A f t e r 
an equi l ibrat ion per iod of approximately 1 h the ef fect of neuropeptides was 
invest igated by g i v i n g 15-min pulses of medium conta in ing CRF, sauvagine or 
T R H . 
R adioimmunoassays 
RIA for a-MSH. The C-terminal ly d i r e c t e d ant iserum was character ized 
ear l ier ( 3 7 ) . It has equal react iv i ty to des-acetyl-a-MSH and o-MSH. Immuno-
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bound and unbound [ l]MSH were separated ei ther by the use of the 
second ant ibody technique or by precipi tat ion wi th polyethyleneglycol . Sensi-
t i v i t y threshold of the assay is 5 p g . 
RIA for fi-endorphin: Endorphin was measured wi th an antiserum pro -
duced to porcine endorph in . Character ist ics of th is ant iserum have been pub-
lished (13) . The antiserum has been used in ear l ier studies wi th Xenopus lae-
vis. Di lut ion curves wi th Xenopus intermediate lobe extracts and incubation 
media did not completely parallel those obtained wi th porcine ß-endoprhin 
(Peninsula Lab. I n c . , C A ) . There fore , wi th in one assay all superfusion f rac-
tions were assayed at the same d i lu t ion . Thus the results give the relative 
amount of endorphin released but cannot be considered to be absolute values. 
Fig. 1. CRF immunocytochemistry of the pituitary gland of Xenopus laevis, a) 
anti-o-CRF staining in pituitary gland and median eminence of a white-
background adapted animal shown at 100 χ magnification, and b) shown at 135 
χ magnification; c) the anti-CRF staining in the pituitary gland and median 
eminence of a black- background adapted animal (lOOx), d) adjacent section 
after immunoabsorption with o-CRF. 
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RESULTS 
Immunocytochemistry with anti CRF 
Immunoreaction to ant i-ovine CRF could be detected wi th in the preopt ic region 
of the hypothalamus in per ikarya and axons (resul ts not shown). V e r y dense 
staining with a beaded appearance was v is ible wi th in the median eminence of 
black- and w h i t e - b a c k g r o u n d adapted animals ( f i g . 1 a , b , c ) . The intermediate 
lobes of all 6 b lack-background adapted animals tested were devoid of immu-
nostammg ( f i g . 1c) . Four out of six intermediate lobes of w h i t e - b a c k g r o u n d 
adapted animals showed a posit ive immunostainmg. This staining was more d i f ­
fuse than that observed in the neural lobe ( f i g . 1 a , b ) . The pars distal is of 
black- and w h i t e - b a c k g r o u n d adapted animals was devoid of immunostaining. 
Immunoabsorption wi th o-CRF eliminated all immunostaining ( f i g . I d ) . Immu-
noabsorption wi th sauvagine was also ef fect ive, al though a weak r e a c t i v i t y 
remained in the region of the median eminence (not shown). 
Table 1. Dose-dependent stimulation of MSH release by CRF, sauvagine or 
urotensin I , d u r i n g In vitro superfusion of neuromtermediate lobes of Ыаск-
and white-background adapted Xenopus laevis. 
CRF 
10" 8 M 
IO"7 M 
IO"6 M 
sauvagine 
IO"8 M 
IO"7 M 
IO"6 M 
urotensin I 
IO"8 M 
IO"7 M 
10" 6 И 
Б1 
112 
128 ± 
152 ± 
95 i 
95 ± 
126 ± 
130 ± 
135 ± 
156 t 
ack 
2 
9 
3 
6 
12 
7 
18 
10 
n= 1 
n= 2 
n= 7 
n= 2 
n= 2 
n= 8 
n= 6 
n=10 
n= 6 
White 
116 ± 7 
188 ± 30 
222 ± 27 
126 ± 5 
162 ± 16 
197 ± 24 
n.d. 
124 ± 18 
141 ± 1 
n=5 
n=8 
n=7 
n=7 
n^ 4 
n=9 
n=3 
n=2 
Stimulation of MSH release was calculated m % Basal values of release are 
calculated from the average secretion of MSH during two 7.5-min fractions 
just prior to the 15-min neuropeptide pulse. Percentage of release in top 
fraction of t h e pulse is indicated relative to this basal value. Values are 
given ι SEM. η = number of individual lobes, nd = not determined. 
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Fig. 2 Effect of CRF or sauvagine on MSH secretion d u r i n g in vitro superfu­
sion of neuromtermediate lobes of white- (top profiles) and of black-
background adapted animals (bottom profiles) Neuropeptides were adminis­
t e r e d d u r i n g 15-min periods Each f i g u r e represents the average of several 
individual lobes (n = number of lobes). T h e 100% values of basal secretion 
were defined from the average MSH secretion d u r i n g 15 mm before the admin­
istration of secretagogues These values were for lobes of white-background 
adapted animals, CRF 1 0 " 8 M: 1012 p g / 7 . 5 mm, 1 0 " 7 M. 1878 pg/7 5 mm, 
1 0 " 6 M· 1629 p g / 7 . 5 mm, sauvagine Ι Ο " 8 Μ· 960 pg/7 5 mm, 1 0 " 7 M. 1116 
p g / 7 . 5 mm, 10" M: 1317 p g / 7 . 5 mm, for lobes of black-background adapted 
animals, CRF 1 0 " 8 M 1588 pg/7 5 mm, 1 0 " 7 M 1871 pg/7 5 mm, I O " 6 M: 
5538 p g / 7 . 5 mm, sauvagine I O " 8 M: 1340 pg/7 5 mm, 1 0 " 7 Μ· 1931 p g / 7 . 5 
mm, Ι Ο " 6 M: 1351 p g / 7 . 5 mm. 
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Effect of o-CRF, sauvagine or urotensin I on release of MSH and endor­
phin during in vitro superfusion of neurointermediate lobe tissue 
o-CRF, sauvagine and urotensin I caused a dose-dependent and rapid stimula­
tion of release of MSH from neuromtermediate lobe t issue of w h i t e - b a c k g r o u n d 
adapted animals ( f i g . 2, table 1) . This stimulation was readi ly revers ib le. 
-ft Effect ive st imulatory doses f o r all three neuropeptides ranged between 10 
-6 
and 10 M. Neurointermediate lobe t issue of black b a c k g r o u n d adapted ani­
mals was substant ia l ly less sensitive to CRF and sauvagine than neuro in-
termediate lobe t issue of whi te-background adapted animals. D u r i n g in vitro 
s u p e r f u s i o n , the neuromtermediate lobe t issue of white-adapted animals show 
a decreasing base-line of MSH release, which indicates depletion (41) . There­
f o r e , dose-related responses were calculated only from data collected from the 
f i r s t 15-min pulse of neuropept ide. 
Effects of ei ther sauvagine and CRF on release of both endorphin and 
MSH were measured in media obtained from f o u r superfused lobes. In all cases 
endorphin and MSH release were concomitantly st imulated. F ig. 3 shows 
MSH(pg) 
400 -
300 -
200 -
100 -
10"8M 10"7M 10"6M 
π π 
-L 
IO"7 M 
_L 
10 20 30 АО 50 
fraction no. 
endorphin (pg equivalents) 
30 АО 50 
traction no. 
Fig. 3 A comparison of the effect of sauvagine on release of MSH and endor­
phin from neuromtermediate lobe tissue of a white-background adapted Xeno-
pus laevis Times of sauvagine administration and concentrations used are 
indicated in the figure 
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an example of analysis of endorphin release after stimulation by sauvagine, 
together w i t h the results of an analysis of MSH release from the same lobe. In 
those cases where d u r i n g superfusion of w h i t e - b a c k g r o u n d adapted animals 
the lobes s tar ted to become depleted, the base-lines f o r endorphin release 
decreased more rapid ly than those for release of a-MSH 
Effect of CRF, sauvagine and TRH during in vitro superfusion of isolat­
ed melanotrope cells 
CRF, sauvagine or TRH were administered d u r i n g superfusion of melanotrope 
cells isolated from neuromtermediate lobe tissue of Ыаск-background adapted 
animals In f i g 4 it is shown that the cells remain insensit ive to TRH. How­
ever, sauvagine and CRF clearly induced the release of MSH from these cells. 
MSH pg/NIL equiv. 
TRH CRF 
30 
fraction no. 
Fig 4 Effect of TRH (ΙΟ"6 M), CRF (ΙΟ"6 M) and sauvagine (IO"6 M) on m 
vitro secretion of MSH from melanotrope cells isolated from Ыаск-background 
adapted Xenopus laevis 
DISCUSSION 
The immunocytochemical staining found in the p e n k a r y a of the preoptic 
region and in nerve terminals in the median eminence and neurohypophysis 
indicate that a CRF-l ike peptide could be involved in the control of p i t u i t a r y 
funct ion m Xenopus laevis From the very dense staining found m the median 
eminence we conclude that in th is species a CRF-l ike peptide wil l l ikely reach 
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the anter ior p i t u i t a r y via the portal system, possibly to regulate secretion of 
ACTH In addit ion many axons run into the pars nervosa and thus a CRF- l ike 
peptide might ult imately reach the pars intermedia, e i ther by d i rec t innerva-
t ion or by d i f fus ion f rom the neural lobe The ant i -CRF stain ing m the pars 
intermedia was rather d i f fuse and not of the beaded nature expected of nerve 
f ibers This might argue for d i f fuse de l ivery of a CRF-l ike pept ide form the 
neural lobe, al though a thorough morphological s tudy is necessary to conf i rm 
this 
Our immunocytochemical results indicate a morphological basis fo r the 
regulation of the pars intermedia th rough peptides s t ruc tu ra l l y related to 
mammalian CRF Nothing has been reported about the s t ruc tu re of endogenous 
CRF- or sauvagme-l ike molecules in Xenopus laevis, and thus we are unable 
to comment on the precise nature of th is immunostammg Al though the ovine 
CRF antiserum used in the present s tudy does not cross-react w i th synthet ic 
sauvagine in radioimmunoassay procedures (19) , in our histochemical proce-
dure sauvagine was qui te effect ive m absorbing the antiserum 
Results of superfusion experiments wi th neuromtermediate lobes show 
that o-CRF, sauvagine and urotensm I stimulate MSH secretion An in teres t -
ing phenomenon in th is regard is the d i f ference in the response to these pep-
t ides between lobes from black- and wh i te -background adapted animals T i s -
sue from whi te -background adapted animals shows a h igher response to 
sauvagine and CRF, a phenomenon noted ear l ier fo r TRH-mduced st imulat ion 
of secretion from intact neuromtermediate lobes (42) The observat ion tha t 
immunocytochemical staining of CRF-l ike material w i th in the the pars interme-
dia was restr ic ted to whi te-adapted animals might suggest that the CRF- l ike 
peptides are only funct ional in whi te-adapted animals The fact that these 
peptides were ef fect ive m st imulat ing MSH release from isolated melanotrope 
cells shows that these neuropeptides exer t the i r effect d i rec t ly on the MSH 
cells, rather than ind i rec t ly such as ef fect ing release of other regulatory fac-
tors wi th in the neuromtermediate lobe t issue 
A possible explanation for the d i f fe ren t response of t issue from black-
and whi te-background adapted animals could be a l igand-mduced desensit iza-
tion of receptors du r i ng adaptation to black background This suppos i t ion, 
however, is not supported by our immunocytochemical resu l ts , which indicated 
the presence of a CRF- l ike peptide m the intermediate lobe of whi te-adapted 
animals only Another possib i l i ty is that the d i f ference in response is related 
to a di f ference m intracel lu lar mechanisms ut i l ized by these peptides m 
st imulus-secret ion coupl ing For the pars intermedia of the rat i t has been 
established that CRF concomitantly stimulates release of a-MSH and in t race l lu -
lar accumulation of cycl ic AMP (cAMP) (15, 24) We have prev ious ly shown 
that cAMP is involved as second messenger in the regulat ion of MSH secretion 
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f rom Xenopus melanotropes (40, 41) In te res t ing ly , there is parallelism in the 
response of Xenopus melanotropes to the CRF-l ike peptides and to the cAMP 
analogues As wi th the CRF-l ike pept ides, 8-Br-cAMP is effect ive in st imulat-
ing MSH secretion from neuromtermediate lobe t issue of white-adapted an i -
mals, whereas lobes of b lack-background adapted animals show a poor 
response Both CRF-l ike peptides and 8-Br-cAMP stimulate secretion of MSH 
from isolated melanotrope cells from b lack-background adapted animals We 
have prev ious ly suggested that the endogenous cAMP concentrat ion in melano-
tropes of b lack-background adapted animals is at a level which gives maximum 
response and that th is level drops du r ing the 6-h preparat ion of the cell 
suspension under release inh ib i ted conditions (40, 41) This would render the 
cells sensit ive to cAMP and to secretagogues that funct ion th rough the adeny-
late cyclase system Our present f ind ing that isolated melanotropes are almost 
completely insensit ive to TRH suggests that if th is neuropeptide acts d i rec t ly 
on the melanotrope cel ls, i t does not do so th rough act ivat ion of the adenylate 
cyclase system In studies wi th GFU cells TRH has been shown to work 
th rough mobilization of calcium (12, 23) 
POMC processing results in the formation of a number of secretory pep-
t ides and in previous biosynthet ic studies we have examined whether or not 
secretagogues cause a coordinate release of newly synthesized radioactive 
peptides These studies have shown that the inh ib i to ry factors dopamine ( 2 1 , 
35, 39 ) , GABA ( 1 , 43) , and NPY (7 , 38) induce coordinate inhibi t ion The 
low biosynthet ic ac t iv i ty of the pars intermedia of whi te-background adapted 
animals (14, 45) prohib i ts extension of th is analysis to the st imulatory neuro-
peptides One of the important POMC-denved peptides is endorphin Secretion 
of endorph in from Xenopus neuromtermediate lobes can be analyzed wi th a 
radioimmunoassay to ß-endorphm (38, 43) Using th is assay GABA- and NPY-
mduced inhib i t ion of immunoreactive endorphin was established The present 
resul ts show that there is a coordinate stimulation of endorphin and MSH 
secretion by CRF and sauvagine 
Our results suggest that the pars intermedia of Xenopus laevis is under 
dual regulat ion which involves not only the well established inh ib i tory mecha-
nisms but also st imulatory neuropeptides Many of the inh ib i to ry factors have 
been shown to work d i rec t ly on the melantrope cel ls, an observation which is 
now extended to the st imulatory action of the CRF related peptides There-
fo re , the neuroendocrine regulat ion of the pars intermedia seems to be ve ry 
complex, w i th the melanotropic cell i tself act ing as a centre of integrat ion f o r 
the hypothalamic input Such complexity is su rp r i s i ng in view of the fact tha t 
the func t ion ing of the pas intermedia of amphibians is at f i r s t glance ra ther 
simple, product ion and secretion of MSH in animals on black background , 
storage of the pept ide in animals on a whi te background In evaluating the 
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possible significance of this complex system, one should also consider the 
possibility that regulation of the dermal melanophores could involve not only 
input concerning the color of background but also other parameters such as 
temperature, stress and temporal factors. Unfortunately, little is known con­
cerning the physiological functioning of dermal melanophores, other than dur­
ing background adaptations. 
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Chapter 12 
N-TERMINAL ACETYLATION OF MSH IN XENOPUS LAEVIS IS A 
PHYSIOLOGICALLY REGULATED PROCESS 
Neuroendocrìnology. Submitted 
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ABSTRACT 
The N-termmal acetylat ion of melanophore-stimulating hormone (MSH) 
increases the melanotropic potency of the pept ide. This modification may be 
important in amphibians, where MSH causes skin d a r k e n i n g d u r i n g adaptation 
to black b a c k g r o u n d . This s t u d y examines the acetylat ion status of the pep­
t ide in the toad Xenopus laevis under d i f f e r e n t condit ions of background 
adaptat ion. Acetylated and non-acetylated a-MSH were analyzed by HPLC and 
quant i f ied by radioimmunoassay. The acetylation status of a-MSH was analyzed 
in t issue, in plasma and in media obtained from in vitro incubation of neu-
romtermediate lobe t issue. Non-acetylated MSH is the major form of a-MSH in 
t issue from both black- and w h i t e - b a c k g r o u n d adapted animals. In plasma of 
Ы а с к - b a c k g r o u n d adapted animals only acetylated a-MSH could be detected. 
Plasma MSH levels of w h i t e - b a c k g r o u n d adapted animals were barely detecta­
ble. Analysis of peptides secreted d u r i n g in vitro incubations of n e u r o i n -
termediate lobe t issue from b l a c k - b a c k g r o u n d adapted animals showed that the 
relat ive c o n t r i b u t i o n of a-MSH to the immunoreactive p r o f i l e was considerably 
enhanced, which supports the concept that acetylation of MSH in Xenopus is 
associated w i t h the secretory process. Acetylat ion capacity of t issue from 
w h i t e - b a c k g r o u n d adapted animals was much lower and only af ter several days 
on black background was f u l l capacity a c q u i r e d . It is suggested that de novo 
biosynthesis of acetylation enzymes may be necessary for acquisit ion of the 
acetylation capacity. T r a n s f e r of black animals to white background caused a 
rapid decrease in acetylation capacity, which suggests that factors involved m 
the rapid inh ib i t ion of secretion might also regulate acetylat ion. This f inds 
support m the observat ion that dopamine was ef fect ive in part ia l ly i n h i b i t i n g 
the acetylation capacity of th is t issue. It is concluded that the acetylation of 
MSH in the pars intermedia of Xenopus laevis is a regulated process related 
to physiological parameters concerning background color. 
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INTRODUCTION 
The mul t i funct ional precursor pro-opiomelanocortm (POMC) is produced 
in the melanotrope cells of the pars intermedia, the cor t icotrope cells of the 
pars distal is and in neuronal systems of the bra in Processing of th is p recur -
sor has the potential to yield a number of bioactive peptides inc luding adre-
nocort icotropic hormone (ACTH) , melanophore st imulat ing hormone (MSH) and 
the endogenous opiate ^-endorphin ( for reviews see 6, 12, 15, 22) There 
has recently been interest in acetylation reactions as these are known to 
occur selectively in certain POMC-producing systems (22) In the pars 
intermedia of the p i tu i ta ry gland both MSH and p-endorphm are N-termmal ly 
acetylated In neuronal systems of the b ra in , the non-acetylated forms of 
these peptides are general ly found as terminal b iosynthet ic products These 
acetylation reactions have important consequence to the biological ac t iv i ty of 
these peptides The acetylation of des-N-acety l -a-MSH to form a-MSH is 
known to increase the melanotropic potency of th is peptide ( 1 1 , 24) and its 
potency m certain behavioral responses (21) Acetylat ion of ß-endorphm, 
however, completely eliminates the opiate ac t iv i ty of th is pept ide (5, 25) 
These observat ions suggest that in POMC-producmg systems, acetylation 
could be an important factor m determining the biological potency of the 
secret ing signal 
In amphibians, the pars intermedia synthesizes and releases MSH du r i ng 
adaptation to a black background We have prev iously observed tha t m black 
background adapted toads, Xenopus laevis, which have high rates of 
hormone-biosynthesis (13) , acetylation of the newly synthesized MSH is asso-
ciated wi th the release process (18) This observat ion has been extended to a 
second species of amphibian. Rana ndibunda (28) and more recent ly i t has 
been shown that the MSH release inh ib i t ing factor dopamine is capable of 
inh ib i t ing the acetylation process m this species (14) 
The above f ind ings led us to propose that m amphibian melanotrope 
cel ls, N-termmal acetylation of MSH might be a physiological ly contro led p ro -
cess Release of the less melanotropic non-acetylated form of the peptide 
might be favoured under inh ib i to ry condit ions such as adaptation to white 
background To c lar i fy this issue we invest igated for the amphibian species 
Xenopus laevis 1) the acetylation status of immunoreactive MSH wi th in neu-
romtermediate lobe t issue of black- and wh i te -background adapted animals, 2) 
the forms of MSH present in the plasma of these animals and 3) character is-
tics of in vitro release wi th respect to the acetylat ion of MSH These la t ter 
studies included an analysis of the effect of dopamine on the acetylation p ro -
cess and a comparison of the acetylation status of immunoreactive versus new-
ly synthesized MSH Acetylated and non-acetylated MSH were separated by 
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high performance l iqu id chromatography (HPLC) and the amounts of each 
peptide were quant i f ied by radioimmunoassay 
MATERIALS AND METHODS 
Animals 
Xenopus laevis were bred and reared in our aquatic f a c i l i t y Animals were 
kept on a grey background at 22C Prior to each experiment animals were 
pre-adapted to a black or white background f o r t h r e e weeks at 22C under 
constant i l lumination 
MSH extraction from plasma 
T r u n k blood of three animals was collected in an ice-cold tube containing 500 
yl of a saline solution wi th 400,000 К I U of a p r o t m m (Sigma), and 2 mM 
EDTA A f t e r c e n t r i f u g a t i o n (2 mm 10,000 g) the supernatant was p u r i f i e d 
over a Baker octadecyl-C18 disposable column, equi l ibrated m 0 15 M formic 
a c i d , 0 14 M p y r i d i n e pH 3 0 ( b u f f e r A) Following 6 washing procedures, 
each wi th 900 yl of th is b u f f e r , the MSH f ract ion was eluted with 4 χ 500 yl 
of 260o propanol - 740o of b u f f e r A These last f ract ions were pooled, 60 yg of 
BSA (Sigma f ract ion V) were added, and lyophylyzed Peptides were solubi-
hzed m 100 yl 0 1 N HCl f o r HPLC separation and MSH determination by RIA 
In vitro incubations of neuromtermediate lobe tissue 
a Standard procedure 
Lobes were excised, r insed and incubated at 22C in 500 yl incubation medium 
(112 mM NaCI, 2 mM KCl, 2 mM CaCI 2 2 H 2 0 , 15 mM Hepes pH 7 38, 2 mg/ml 
glucose, 0 3 mg/ml BSA, aerated with carbogen) Following incubation lobes 
were removed and 50 yl of 1 N HCl was added to the medium, which was kept 
at -20C p r i o r to HPLC analysis A f t e r r i n s i n g , the lobes were homogenized in 
500 yl 0 1 N HCl, c e n t r i f u g e d f o r 5 mm at 10,000 g , and the supernatant was 
also stored at -20C 
b Pulse-chase incubation 
Lobes were pulse-mcubated f o r 45 mm m 20 yl incubation medium to which 45 
yCi [ H] t r y p t o p h a n (30 Ci/mmol, Amersham) was added Chase incubation (3 
h) was performed m 500 yl incubation medium to which 2 mM of L - t r y p t o p h a n 
was added 
с Incubation in dopamine 
-6 D u r i n g incubation m dopamine (2x10 M) (Sigma) contain ing medium, 1 mg/l 
of ascorbic acid was added The medium was refreshed every 45 mm The 
incubation medium of control incubated lobes also contained ascorbic acid 
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HPLC Separation of MSH peptides 
MSH peptides were separated by HPLC on a Sphensorb 10 ODS column 
(250x4.6 mm. Chrompack B . V . , Middelburg) m bu f fe r A (0 .5 M formic ac id , 
0.14 M p y r i d i n e , pH 3.0) and eluted wi th increasing concentrat ions of 
1-propanol (B) as indicated m f i g . 1. The f low rate was 2 ml /mm. To 0 5 mm 
fract ions 20 vg BSA was added and they were lyophylyzed overn ight Pep-
tides were redissolved in RIA buf fer fo r quant i f icat ion of MSH. The elution 
positions of des-acetyl-a-MSH and a-MSH were previously determined (16, 
19). In the case of the pulse chase exper iments, fol lowing HPLC half of each 
f ract ion was analyzed for rad ioact iv i ty , a f ter addit ion of 4 ml of sc int i l la tor 
199 (Packard) , and the other half was submitted to RIA. 
RIA for MSH 
MSH was quant i f ied by RIA with an C-termmal ant iserum, produced and char-
acterized by Vaudry et al. (27). It has equal react iv i ty towards des-
acetyl-a-MSH and a-MSH. Bound and unbound MSH were separated by p rec ip i -
tat ion wi th polyethylene glycol (7 5co). 
RESULTS 
Acetylation status in neurointermediate lobe tissue and plasma of fully 
black- or white-background adapted animals 
An example of HPLC resolution of d i f fe ren t forms of a-MSH determined m 
f resh ly dissected neuromtermediate lobes is given in f ig 1 (upper p ro f i l es ) . 
In f i g . 2 the average result is given of the quant i f icat ion of des-acetyl-a-MSH 
and a-MSH in 3 neuromtermediate lobes of fu l l y black- and fu l l y wh i te-
adapted animals. The total amount of MSH m neuromtermediate lobe t issue is 
not s ign i f icant ly d i f fe ren t between the two physiological states. Des-
acetyl-a-MSH is the major form of a-MSH present . a-MSH only accounts fo r 
about 150o of the total amount of MSH. 
The acetylation status of MSH m the plasma of b lack- and whi te-
background adapted animals is given m f i g . 1 (lower p ro f i l es ) . In the plasma 
of b lack-background adapted animals there was a high concentrat ion of 
a-MSH, whereas des-acetyl-a-MSH could barely be detected. In plasma of 
wh i te -background adapted animals, the total amount of a-MSH was extremely 
low, revealing only a small amount of material e lu t ing at the posit ion of des-
acety l -a-MSH. 
In vitro release of a-MSH and des-acetyl-a-MSH from neuromtermediate 
lobes obtained from black- or white background adapted animals 
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In vitro incubation of neurointermediate lobe t issue resulted in a substantial 
release of MSH to the medium. Comparison of incubated and non-incubated 
t issue shows that du r i ng incubation there is a considerable depletion of MSH 
wi th in the t issue. The relat ive amounts of des-acetyl-a-MSH and a-MSH wi th in 
the lobes were unchanged after incubat ion, wi th a-MSH accounting for approx i -
mately 15° of the to ta l . In incubation medium of lobes from black background 
adapted animals, a-MSH now const i tuted over 50OÓ of the total amount of MSH 
released. 
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Fig 1. Upper profiles* example of HPLC profile of MSH peptides in a neu-
romtermediate lobe of a black- and a white-background adapted animal. Low­
er profiles HPLC profile of MSH peptides e x t r a c t e d per ml plasma that was 
obtained from 6 black- or 12 white-background adapted Xenopus laevis HPLC 
elution gradient CoB) is indicated by the dotted line For peak identification 
see ( 1 6 , 19) 
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Acetylated and non-acetylated MSH released In vitro after transfer of the 
animals to white or black background 
The acetylation status of MSH released d u r i n g in vitro incubation was deter­
mined for animals which had undergone adaptation to black or white back­
g r o u n d for various time per iods. Transi t ion of the animals f rom a white to 
black background in i t ia l ly resulted m a lower absolute amount of MSH released 
to the incubation medium ( f i g . 3 ) . The lobe contents of MSH a f t e r these 
incubations are not shown; these values were considerably reduced when com­
pared to control values ( i . e . obtained af ter incubation of lobes f rom fully 
white background adapted animals). A f t e r 100 h on black b a c k g r o u n d , in 
vitro release from neurointermediate lobes was restored to approximately 70% 
of control values of lobes of f u l l y black or white background adapted animals. 
In consider ing the relat ive amounts of des-acetyl-a-MSH and a-MSH released 
in vitro, the results show that af ter 16 hours on black b a c k g r o u n d , t h e r e is 
already an increase in the relat ive amount of o-MSH, b u t more than 100 h is 
required to reach the percentage found m medium of lobes of f u l l y black-
adapted animals ( f i g . 3 lower p r o f i l e ) . 
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Fig 2 Amounts of des-acetyl-a-MSH and a-MSH m Xenopus laevls neuroin-
termediate lobe tissue or incubation medium a) Amount of des-acetyl-ô-MSH 
(dotted bar) and α-MSH (black bar) in neurointermediate lobe tissue of ful ly 
black- and white-background adapted animals (3 weeks adaptation) b) 
Amount of des-acetyl-a-MSH and α-MSH in lobes and media after 3 h in vitro 
incubation from neurointermediate lobes of ful ly white- and black-background 
adapted animals η ^ number of individual lobes/group. 
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Fig. 3 Absolute and relative amounts of des-acetyl -a-MSH (dotted bar) and 
α-MSH (black b a r ) released during a 3-h in vitro incubation from neuroin-
termediate lobe tissue taken from Xenopus laevls that were undergoing adap­
tation to black or white background for various time periods (given in hours 
on lower profi le) Control groups consist of animals that were adapted for 3 
weeks to white or black background η = number of lobes per group and all 
results are shown with SEM. 
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Transi t ion from black to white background in i t ia l ly resulted m a small 
increase of the absolute amount of a-MSH release ( f i g . 3 upper p r o f i l e ) . 
Already after 6 hours on white b a c k g r o u n d , neurointermediate lobes from 
these animals showed a s igni f icant decrease in the relat ive amount of a-MSH 
released to the medium ( f i g 3 lower p r o f i l e ) . 
Apart from the reduct ion in t issue level of a-MSH noted f o r lobes of an i­
mals adapting to black b a c k g r o u n d , the lobe contents of MSH were similar to 
those shown m f i g 2b. Also the relat ive level of des-acetyl-a-MSH and a-MSH 
remained constant wi th des-acetyl-a-MSH as the major component. 
To investigate possible strain d i f ferences, similar experiments were also 
performed wi th animals from a d i f f e r e n t stock of Xenopus (obtained from the 
Hubrecht Laboratory in Utrecht) In incubation exper iments, acetylated MSH 
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Fig 4 Effec 
acetyl-o-MSH 
of dopamine (2x10 M) on the relative amounts of des-
(dotted b a r ) and n-MSH (black b a r ) , released d u r i n g a 3-h in 
vitro incubation of Xenopus loevis neurointermediate lobes from white- or 
black-background adapted animals η = number of lobes 
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Fig 5 Comparison between the relative amounts of immunoreactive des-
acetyl-a MSH and a-MSH and the relative amounts of newfy synthesized des-
acetyl-a-MSH and a-MSH, released from Xenopus laevis neuromtermediate 
lobes during a 3-h in vitro incubation Prior to this incubation the lobes were 
pulse-incubated for 45 mfn m [ Hjtryptophan a) Example of elution profiles 
of the immunoreacttve and radioactive peptides from medium of an individual 
lobe b) Average results from incubation media of three individual lobes 
where the relative amount of immunoreactive and radioactive des-acetyl-o-MSH 
is given m dotted bars, and the relative amount of immunoreactive and radio­
active a-MSH is given in solid bars 
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makes a minor c o n t r i b u t i o n to the t issue p r o f i l e of MSH; f o r white-adapted 
animals 20.3 i 6.5% (n=8) of the MSH was in the acetylated f o r m . For b lack-
adapted animals th is f i g u r e was 10.6 t 1% ( n = 6 ) . In the incubation medium 
t h e r e was an increase m the c o n t r i b u t i o n of acetylated pept ide. In the medium 
of experiments conducted w i t h lobes of white-adapted animals 50.3 i 3.8% of 
the MSH was a-MSH , f o r experiments w i t h lobes of black-adapted animals 
a-MSH now accounted f o r 76.9 ± 3.8% of the MSH present . In t r a n s f e r m g 
these animals from a white to a black b a c k g r o u n d it took approximately 3 days 
f o r the t issue to achieve the acetylation capacity displayed by lobes of f u l l y 
black-adapted animals. The t r a n s i t o r y decrease in the total amount of MSH, 
described above f o r the Nijmegen s t r a m , was also found in these exper iments. 
The effect of dopamine on the acetylation status of MSH released in vitro 
In o r d e r to be able to analyse the effect of dopamine on the acetylation status 
of MSH released to the medium only a suboptimal concentrat ion of dopamine 
-6 (2x10 M) could be given This treatment reduced the total release of MSH 
to about 50% of that of the c o n t r o l . The relat ive amount of a-MSH in compar­
ison to des-acetyl-a-MSH in the secretory p r o f i l e was s l i g h t l y b u t not s i g n i f i ­
cant ly reduced in the experiments conducted w i t h lobes from white-adapted 
animals ( F i g . 4 , l e f t ) . In experiments w i t h lobes of black-adapted animals, 
dopamine led to a more pronounced and stast ical ly s igni f icant ( p < 0 05) 
reduct ion in the relat ive amount of a-MSH ( F i g . 4 , r i g h t ) . 
Acetylation status of Immunoreactive versus newly synthesized MSH 
released during in vitro incubation 
The possibi l i ty of a d i f ference m the acetylation status of immunoreactive v e r ­
sus newly synthesized MSH was considered We decided it important to collect 
data for immunoreactive and newly synthesized peptides from the same t issue 
as comparison of the present results concerning immunoreactive MSH with o u r 
earl ier studies of newly synthesized MSH (18) indicates t h a t , wi th respect to 
the degree of acety lat ion, t issue dif ferences might occur A f t e r a short pulse 
labeling of t issue in [ H ] t r y p t o p h a n and subsequent in vitro incubat ion, t h e 
media were analyzed for both immunoreactive and radioactive content of des-
acetyl-a-MSH and a-MSH Fig 5a gives an example of the HPLC elution p r o ­
fi les of immunoreactive and radioactive labeled peptides released from an i n d i ­
v idual neuromtermediate lobe (note: ϊ-MSH/ß-MSH are barely detected in the 
RIA) In f i g 5b the average results of 3 ind iv idual incubations are g i v e n , 
showing that there is essential ly no d i f ference in· the relat ive amount of des-
acetyl-a-MSH versus a-MSH when the immunoreactive peptides are compared to 
the newly synthesized 
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DISCUSSION 
The intermediate lobe of Xenopus laevis produces two forms of MSH, 
previously character ized as the non-acetylated pept ide, des-acety l -a-MSH, and 
the N-termmal ly acetylated fo rm, a-MSH (16, 18, 19) In mammals (3, 9, 
23) , m several species of f ish (7, 8) and m another amphibian species, Rana 
ndibunda (28) , the presence of two forms of acetylated MSH, namely the 
mono- and diacetylated fo rm, is well established The lack of a diacetylated 
form of MSH in Xenopus is due to the fact tha t Xenopus MSH di f fers s t ruc-
tu ra l l y from the other known MSH molecules by a single ammo-acid subs t i t u -
t i on , alanine instead of serine at the N-termmal (23) Alanine lacks the OH 
group possessed by serine and thus an O-acetylat ion of the N-termimal of 
Xenopus MSH is not possible 
Within neuromtermediate lobe t issue of Xenopus laevis adapted to ei ther 
black or whi te background, des-acetyl-a-MSH is the predominant form of 
immunoreactive a-MSH present Previous b iosynthet ic studies have shown that 
m neuromtermediate lobe t issue of black adapted animals des-acetyl-a-MSH 
also consti tutes the major form of newly synthesized MSH (18) The melano-
t rope cells of whi te-adapted animals are b iosynthet ica l ly inact ive (13) , and 
thus comparable studies wi th lobes of these animals were not possible The 
low biosynthet ic ac t iv i ty of these cells is ref lected at the u l t ras t ruc tu ra l level 
(32) , showing that there is very l i t t le RER and tha t the cells contain large 
numbers of mature secretory granules, character ist ics of inactive storage 
cells On the basis of our f ind ings wi th immunoreactive MSH we conclude that 
non-acetylated MSH is the major storage form of th is pept ide This is in con-
t ras t to the si tuat ion m the mammalian pars intermedia where MSH is rapid ly 
acetylated fol lowing its biosynthesis and the major in t racel lu lar storage form 
consists of acetylated MSH (22) 
In the plasma of b lack-background adapted animals, m sharp contrast to 
the situation m the t issue, the only form of a-MSH detected was the monoace-
ty la ted fo rm, a f i nd ing m accordance with ear l ier b iosynthet ic studies indicat-
ing that acetylation of MSH is predominantly associated to the release process 
(18) As expected, plasma levels of MSH in wh i te -background adapted animals 
proved to be ve ry low We had, nevertheless, hoped that the c i rcu la t ing level 
of MSH m white adapted animals would be suf f ic ient fo r a proper analysis of 
the acetylation status of the peptides This expectation was based on the 
observat ion that the pars intermedia remains somewhat funct ional when the 
animal is on white background , as deduced from the fact that after complete 
hypophysectomy, bu t not a f ter removal of only the distal lobe, the animals 
show a h igher degree of pigment aggregation than that found m a white 
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adapted animal ( u n p u b l i s h e d o b s e r v a t i o n ) . Al though the results of the 
analysis of plasma from white background-adapted animals indicates that d u r ­
ing th is physiological state t h e r e is a predominant release of the non-
acetylated p r o d u c t , the total amount of MSH released to the plasma is f a r too 
low to draw d e f i n i t i v e conclusions T h e r e f o r e , in vitro studies concerning the 
acetylation status of MSH d u r i n g secretion were in i t iated 
Following incubation of neuromtermediate lobes of Xenopus, the t issue 
showed a part ia l deplet ion of MSH, from which we conclude that the rate of 
release in vitro is h igher than that in vivo Analysis of the MSH secreted 
from lobes of Ы а с к - b a c k g r o u n d adapted animals shows an enhancement in the 
c o n t r i b u t i o n of a-MSH to the secretory p r o f i l e , a f i n d i n g which again supports 
the concept that the process of acetylation is associated with secretion These 
in vitro incubated lobes also show release of a considerable amount of non-
acetylated pept ide. Possible explanations for th is d i f ference m the degree of 
acetylation f o u n d in in vivo or in vitro could be 1) an acetylation capacity 
insuf f ic ient to cope w i t h th is high rate of in vitro release, 2) an ambient 
medium in vitro which is not conducive to the release associated process of 
acety lat ion, or 3) a v e r y low half- l i fe time in plasma of des-acetyl-o-MSH com­
pared to a-MSH Rudman and co-workers showed that the hal f- l i fe of des-
acetyl-a-MSH m r a b b i t plasma is approximately o n e - t h i r d of the hal f- l i fe of 
mono-acetyl-a-MSH (24) It is clear from our in vitro results that the acety-
lat ing a c t i v i t y is s ign i f icant ly lower m lobes obtained from f u l l y whi te-
background adapted animals than in those from f u l l y b lack-background adapt­
ed animals 
In evaluat ing the acetylation capacity of neuromtermediate lobe t issue 
d u r i n g b a c k g r o u n d t rans i t ions it is apparent that d u r i n g white to black back­
g r o u n d adaptat ion, the acetylation capacity increases only v e r y gradual ly and 
it takes several days to f ina l ly reach the capacity of a lobe from a f u l l y 
Ы а с к - b a c k g r o u n d adapted animal. In consider ing the possible mechanisms 
involved in th is slow acquisit ion of acetylation capacity, we would l ike to draw 
attention to the fact t h a t d u r i n g this same t rans i t ion p e r i o d , the total level of 
MSH undergoes a t r a n s i t o r y but dramatic decrease. In our opinion this phe­
nomenon is due to the rapid act ivat ion of the secretory process m animals 
placed on black b a c k g r o u n d , demonstrated by the fact t h a t dermal melano-
phores show f u l l pigment dispersion w i t h i n an hour of being placed on black 
b a c k g r o u n d and the fact that the b iosynthet ic capacity of the t issue to 
produce MSH is only f u l l y restored af ter several days on black background 
(13) The fact that the acetylation capacity is also gradual ly increasing d u r ­
ing th is same t ime-per iod might suggest that the development of acetylation 
capacity involves de novo synthesis of enzymes involved m the acetylation 
system. In c o n t r a s t , d u r i n g adaptation to white background a rapid m h i b -
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i t ion of the acetylat ion capacity was found which suggests a rapid mact ivat ion 
or degradat ion of the acety latmg enzymes. The increase in total release 
capacity of t issue taken from animals undergo ing adaptation to white back-
g round can be explained by the fact tha t d u r i n g the f i r s t days on white 
background the b iosynthet ic apparatus m the melanotropes has not yet been 
inact ivated (13) This results in MSH cells hav ing both a store of MSH and 
the capacity fo r act ive MSH synthesis 
Our results indicate that acetylation of MSH is a regulated event, related 
to the physiological process of background adaptat ion In view of the rapid 
inh ib i t ion of acetylation which occurs when the animal is t ransfered from black 
to white background , the possib i l i ty was considered whether one of the MSH-
release inh ib i t ing factors is capable of inh ib i t ing the acetylation capacity 
Indeed, dopamine treatment resulted in a part ia l inh ib i t ion of acetylation m 
lobes taken from b lack-background adapted animals A dose-dependent 
dopamine-mduced inhib i t ion of acetylation has been prev ious ly shown for new-
ly synthesized MSH m another species of amphibian. Rana ndibundo (14) It 
remains to be established whether other MSH-re lease- inh ib i tmg factors such 
as adrenaline (2, 26, 29) , GABA ( 1 , 30) and NPY (4, 31) are involved m 
inhib i t ion of the acetylation process 
At th is point i t should be mentioned that there is a d i f fe ren t view con-
cern ing the process of acetylation of MSH in Xenopus melanotropes Goldman 
and Loh (10) , m an in vitro s tudy with neuromtermediate lobes of b lack-
background adapted animals, conclude that the major route of acetylation of 
MSH m Xenopus is an int racel lu lar route analogous to that reported for mam-
mals They , too, f i nd that des-acetyl-a-MSH is the major immunoreactive form 
of MSH in the t issue and, to account for the enhanced level of a-MSH to the 
medium, they evoke the concept of independent ' p o d s " of secretory peptides 
One of these pools would consist of newly synthesized peptides (a minor pa th -
way where acetylat ion is associated with secret ion) , while the other contains 
stored peptides (major pathway, with rapid in t racel lu lar acetylat ion) We f i nd 
no di f ference m the acetylat ion status when newly synthesized peptides are 
compared to immunoreactive pept ides, and there fore see no reason to place 
these peptides in independent pools The results of Goldman and Loh ind i -
cate that in vitro inhib i t ion of secretion wi th dopamine leads to an accumula-
t ion of acetylated peptide m the t issue While a rapid accumulation of acety-
lated pept ide m release- inhibi ted lobes would cer ta in ly argue for a major role 
for in t racel lu lar acety lat ion, we show that m fu l l y wh i te -background adapted 
Xenopus (where secretion is under tonic inh ib i t ion f o r 3 weeks) , the major 
form of immunoreactive MSH m the intermediate lobe is st i l l des-acetyl-a-MSH 
These results indicate that int racel lu lar acetylat ion wi th in the storage g r a n -
ules of Xenopus melanotropes is at best an extremely slow process, which can 
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h a r d l y be considered a major route f o r acety lat ion, and in no way can be 
considered analogous to rapid acetylation reaction observed m mammalian mela-
not ropes. 
In conclusion, our results have shown that the process of acetylation of 
α-MSH m Xenopus laevis is regulated in relation to the physiological state of 
background adaptat ion. The secretory signal of melanotropes of black-
background adapted animals contains a high proport ion of the acetylated form 
of the pept ide, which is known to have a higher melanotropic potency than 
the nonacetylated pept ide. The funct ional signif icance of release of des-
acetyl-a-MSH d u r i n g adapation to white background is not clear. It is now 
apparent, however, that blanching m a w h i t e - b a c k g r o u n d adapted animal is 
due not only to a lowering m the c i r c u l a t i n g level of MSH released from the 
intermediate lobe melanotropes, b u t also due to a reduct ion in the potency of 
MSH. As release of POMC-denved peptides from the amphibian pars intermedia 
seems to be a coordmately regulated process (17, 30, 3 1 ) , the abi l i ty to r e g ­
ulate the acetylation status and thus the melanotropic potency of MSH may 
allow the white background adapted animals to ut i l ize other peptides f rom 
POMC as biological s ignals. 
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CONCLUDING REMARKS 
From the results of our invest igat ions it is ev ident that regulat ion of 
release of peptides from the Xenopus laevis pars intermedia is a complex p ro -
cess On the basis of ¡n vitro f ind ings it may be concluded that catechola-
mines, GABA and neuropeptide Y are important candidates for inhibi t ion of 
release of MSH and other POMC-denved peptides Stimulation of release could 
be exerted by TRH or a peptide of the CRF-sauvagme-urotensm I family 
The morphological invest igat ion at the l igh t microscopical level wi th spe-
cif ic antisera revealed that dopaminergic neurons (unpubl ished observat ion) 
and neurons wi th CRF and TRH immunoreact iv i ty are present m the neural 
lobe. Presumably they can influence the melanotrope cells by t ransmi t ter 
release m varicosit ies at the neural- intermediate lobe border . The presence of 
high plasma concentrations of TRH however make it more d i f f i cu l t to speculate 
on the importance of TRH as a MSH release st imulat ing factor GABA and a 
NPY-l ike pept ide appear to be present m neurons that su r round the MSH 
cells To obtain a more detailed morphological suppor t fo r th is mult ip le inner-
vat ion, u l t ras t ruc tu ra l invest igat ions are now called for 
The studies wi th the isolated melanotrope cells (cell suspensions) indicate 
that most of the factors regulate MSH secretion th rough d i rec t action on the 
melanotrope cells themselves The catecholamines exer t the i r effect th rough 
activation of receptors which show many similari t ies to mammalian D-2 recep-
tors However, the Xenopus receptors do not display exact ly the same 
response to classical D-2 receptor agonists and antagonists as the mammalian 
receptor Analysis of this agonist /antagonist prof i le of the Xenopus catecho-
lamine receptors suggests the possible presence of two receptor types Beta-
adrenergic receptors, which are important for stimulation of a-MSH release m 
mammals and an amphibian species, are not present on MSH cells of Xenopus 
laevis Our results show that GABA can induce inhib i t ion of MSH release from 
Xenopus melanotropes through act ivat ion of e i ther GABAa or GABAb recep-
tors In vitro, the effect of GABA is pr imar i ly exerted th rough the GABAb 
receptor, which implies tha t , if GABAa receptors are of physiological impor-
tance, they should be present in a compartment isolated from the more domi-
nant GABAb receptor, such as in highly d i rected synapses This possib i l i ty 
should now be studied at the u l t ras t ruc tu ra l level 
Our assessment of cAMP as in t racel lu lar messenger f i r s t of all revealed 
that increase of the intracel lu lar concentrat ion of cAMP by in vitro adminis-
t rat ion of 8-Br-cAMP only resulted in st imulat ion of MSH release when the 
animals had previously been adapted to a whi te background , which suggests 
that in animals on a black background the in t racel lu lar concentrat ion of cAMP 
in the intermediate lobe cells is at maximum level In vitro administrat ion of 
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dopamine, adrenal ine, a D-2 receptor agonist or an agonist of the GABAb 
receptor resul ted in inh ib i t ion of the intracel lu lar product ion of cAMP. This 
indicates t h a t the catecholamine receptors and the GABAb receptors are v e r y 
l ikely l inked to the adenylate cyclase system. Also GABAa receptors appear to 
be associated w i t h th is system, but activation of these receptors, al though 
i n h i b i t o r y to MSH release, stimulated cAMP synthesis. This observation might 
indicate the presence of two subtypes of GABAa receptors, with one subtype 
st imulat ing secretion t h r o u g h cAMP and the other subtype involved in i n h i b ­
it ion of the secretory process t h r o u g h another intracel lu lar mechanism, possi­
b ly the CI ion. Assessment of cAMP involvement should now be extended to 
the p e p t i d e r g i c f a c t o r s . Moreover, an evaluation of the involvement of calcium 
and the mositolphosphate cycle m the process of st imulus-secret ion coupl ing 
by t h e var ious r e g u l a t o r y factors is-fmportant. 
T h r o u g h o u t th is thesis the possibi l i ty was considered that there could be 
a selective regulat ion of the secretion of POMC-derived pept ides. This could 
be accomplished e i ther t h r o u g h regulation of intracel lu lar processing or post-
translat ional modifications of POMC-derived pept ides, or a selective degrada­
tion or storage of the secretory p r o d u c t s . The results showed, however, that 
in general t h e r e was a concomitant release of the POMC-derived peptides and 
that th is release is coordmately regulated by hypothalamic factors. There 
was, however, one important except ion, which concerned the release of MSH 
i tse l f . The capacity of the intermediate lobe cells to acetylate des-
Na-acetyl-o-MSH to form o-MSH was found to be open to regulat ion. This r e g ­
ulation was, moreover, apparent ly related to physiological condit ions concern­
ing b a c k g r o u n d color. A b l a c k - b a c k g r o u n d adapted animal releases relat ively 
more acetylated MSH (a-MSH) than the w h i t e - b a c k g r o u n d adapted animal. 
I n t e r e s t i n g l y , the acetylated product is known to have a substant ia l ly h igher 
melanotropic a c t i v i t y than the non-acetylated p r o d u c t . 
To summarize, release of POMC-derived .peptides by the intermediate lobe 
cells of Xenopus laevis is controled by mult iple factors of hypothalamic o r i g i n , 
both classical neurotransmit ters and neuropept ides. Many of these factors act 
d i r e c t l y on the melanotrope cell and we f i n d , moreover, that some of these 
factors can act ivate mult ip le receptor t y p e s . I t is already clear that d i f f e r e n t 
i n t r a c e l l u l a r pathways f o r st imulus-secret ion are i n v o l v e d . We therefore con­
clude that d u r i n g the process of background adaptat ion, integrat ion of the 
environmental i n p u t occurs not only at the level of the hypothalamus, b u t 
t h a t t he POMC p r o d u c i n g cells of the intermediate lobe itself must be consid­
ered as a center f o r neuroendocrine i n t e g r a t i o n . At f i r s t glance the f u n c ­
t i o n i n g of the pars intermedia is rather simple; p r o d u c t i o n and secretion of 
MSH in animals on black b a c k g r o u n d , storage of the pept ide in animals on a 
whi te b a c k g r o u n d . In evaluat ing the possible s ignif icance of its complex r e g u -
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lation two aspects must be considered. F i r s t l y , it is possible that regulat ion 
of dermal melanophores involves not only input concerning the color of back-
g round , but also input of other parameters such as s t ress, temperature and 
temporal factors Unfor tunate ly , l i t t le is known concerning the physiological 
funct ion ing of dermal melanophores other than du r i ng background adaptat ion. 
The second aspect wor th considering is the previously mentioned possib i l i ty 
that the mult iple factors involved in manipulat ing the intermediate lobe mela-
notropes might not only determine the rate of peptide release, but also the 
prof i le of POMC-denved peptides in the secretory s ignal . Such manipulations 
could be related to the known funct ion of the pars intermedia m the regula-
tion of dermal melanophores ( i . e . the manipulation of the melanotropic potency 
of the signal) or might be concerned wi th other , as yet unknown, endocrine 
funct ions of this g land . 
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SAMENVATTING 
Regulatie van de secretie van pept iden 
afgeleid van pro-opiomelanocortme ui t de pars intermedia 
van de amphibie Xenopus laevis 
Veel amphibieen zi jn m staat hun hu idsk leur aan te passen aan de 
omgeving Dit vermogen is gebaseerd op de aanwezigheid van pigment 
bevattende cellen (chromatoforen) . Twee typen verander ingen kunnen worden 
ondercheiden: 1) "Morfologische" verander ingen, een langzaam proces waarbi j 
het aantal chromatoforen en de hoeveelheid pigment ve rander t , en 2) de 
" fysio logische" verander ingen waarbi j een relatief snelle spre id ing of 
aggregatie van pigmentkorre ls m de chromatoforen (m d i t geval de dermale 
melanoforen) p laatsv indt . Deze k leurverander ingen t reden meestal op als 
reactie op ui twendige pr ikke ls Pigmentspreidmg m de dermale melanoforen 
word t geïnduceerd door een peptide hormoon, het melanoforen-st imulerend 
hormoon (MSH of a-MSH) dat geproduceerd en afgegeven word t door de cellen 
van de tussenkwab (pars intermedia) van de hypofyse. Het proces van de 
achtergrondadaptat ie bij de Zuidafr ikaanse k lauwpad, Xenopus laevis, heeft de 
karakter is t ieken van een neuroendocnene ref lex. De mate van l ichtref lect ie 
van de ondergrond van het dier wordt door het receptor -orgaan, de ret ina 
van het oog, waargenomen Deze informatie word t via de oogzenuw aan de 
hersenen doorgegeven In de hersenen v ind t een integrat ieproces plaats, 
waarbi j de hypothalamus een belangr i jke rol speelt. Waarschi jnl i jk is ook 
informatie ui t de epi fyse, een l ichtgevoelig orgaan gelegen aan de bovenzijde 
van de hersenen, bi j d i t integrat ieproces be t rokken . Signalen vanui t de 
hypothalamus regelen de afg i f te van MSH ui t de hypofyse. MSH word t m de 
cellen van de pars intermedia gevormd na proteolyt ische sp l i ts ing van een 
groot precursormolecuul , pro-opiomelanocortme (POMC). Van d i t 
precursormolecuul worden behalve a-MSH nog andere aan MSH verwante 
peptiden (ß-MSH en Ï-MSH) en endorfmen afgespl i ts t . Deze pept iden worden 
allen door de hypofyse tussenkwab afgegeven. 
In d i t p roe fschr i f t wordt de regulat ie van pept ide-a fg i f te ui t de pars 
intermedia van de hypofyse van de Zuidaf r ikaanse klauwpad bestudeerd De 
vragen die h ierb i j centraal staan z i j n : 1) welke neurotransmit ters of 
neuropeptiden kunnen vanui t de hypothalamus de pars intermedia bere iken; 2) 
zijn deze neurotransmit ters of neuropeptiden m staat om de pept ide-afg i f te 
door de MSH cellen te beïnvloeden, 3) via welke typen receptoren wordt deze 
invloed uitgeoefend en waar zi jn deze receptoren gelokal iseerd; 4) is 
selectieve afg i f te van een of meer van POMC afgeleide pept iden mogeli jk; 5) 
wordt de aanmaak van het precursor molecuul of de omvorming to t kleinere 
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peptiden beïnvloed door de hypothalamus; 6) hoe word t het signaal vanui t de 
membraan-gebonden receptoren m de cel ver taa ld , 7) zi jn post- t ranslat ionele 
modificaties van a-MSH, zoals de acety lermg van het molecuul, belangri jk voor 
het proces van achtergrondadaptat ie? 
Als eerste werd studie ver r i ch t naar achtergrondadaptat ie , POMC 
biosynthese omvorming en afgi f te t i jdens de larvale ontwikke l ing Het larvale 
stadium 40 ( indel ing volgens Nieuwkoop en Faber) b l i j k t een kr i t isch stadium 
te zijn voor de ontwikke l ing van belangr i jke componenten van het proces van 
achtergrondadaptat ie . Analyse van biosynthese en omvorming van POMC bleek 
mogelijk vanaf stadium 48. Er werden geen aanwijzingen gevonden voor een 
selectieve regulat ie van de afgi f te van peptiden afkomstig van POMC 
De resultaten van de hieropvolgende studies met volwassen d ieren, tonen 
aan dat regulat ie van hormoonafgifte uit de pars intermedia een complex 
proces is Vanui t de hypothalamus bereiken zowel klassieke neurotransmit ters 
zoals catecholammen en GABA alsmede neuropeptiden s t ruc turee l verwant aan 
TRH ( thy ro t ropm- re leas ing hormone), NPY (neuropept ide Y ) , CRF 
(cor t i co torpm-re leasmg factor ) de cellen van de pars intermedia. 
Ti jdens in vitro superfusie van het weefsel van de neuromtermediare lob 
bleek dat catecholamines, GABA en NPY de afg i f te van MSH remmen, terwi j l 
T R H , CRF, sauvagine en urotensme in staat zi jn de MSH afgi f te te 
s t imuleren. Weefsel geïsoleerd uit dieren die tevoren geadapteerd waren op 
een wi t te ondergrond bleek gevoeliger voor deze neuropeptiden dan weefsel 
afkomstig van dieren die werden gehouden op een zwarte ondergrond. Er 
werd geen selectieve afg i f te van een of meer van de van POMC afgeleide 
pept iden waargenomen Ook werd geen d i rek te beïnvloeding van biosynthese 
of omvorming van POMC geconstateerd Farmacologische karakter iser ing van 
de receptoren werd u i tgevoerd door het toevoegen van agomsten en 
antagonisten t i jdens In vitro superfusie van de pars intermedia en regis t ra t ie 
van de effecten van deze stoffen op de MSH afg i f te m d i t systeem. Hieru i t 
bleek dat mogelijk sprake is van twee typen catecholamine receptoren Deze 
b l i j ken , hoewel ze verwant zijn aan de dopamine receptoren van zoogdieren, 
specif iek te zi jn voor Xenopus. Ook bleken twee typen GABA receptoren, 
GABAa en GABAb, aanwezig te z i jn . Door het ui tvoeren van 
superfusie-exper imenten met pars intermedia cellen m suspensie kon worden 
vastgesteld dat receptoren voor catecholamines, de twee typen GABA 
receptoren alsmede receptoren voor CRF of het hiermee sterk verwante 
sauvagine aanwezig zijn op de MSH producerende cellen zelf . 
Het in t racel lu la i re boodschapper-molecuul cycl isch AMP (cAMP) b l i j k t 
be langr i jk te zijn voor de signaal overdracht in de ce l . De catecholamine 
receptoren en de GABAb receptoren veroorzaken in de cel een ver lag ing van 
cAMP p roduk t i e , waardoor een remming van hormoonafgif te opt reedt . a-MSH 
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komt m de cel voor m de met geacetyleerde vorm Ti jdens het proces van 
afg i f te v i n d t een N-terminale acety lenng van het molecuul plaats. Het is 
bekend dat acety lenng de biologische ak t i v i t e i t van a-MSH verhoogt . Uit onze 
resultaten b l i j k t acety lenng van MSH een fysiologisch gereguleerd proces te 
zijn dat afhankel i jk is van de kleur van de ondergrond 
Bovenstaande resultaten wijzen erop dat neuronale in tegrat ie ten behoeve 
van regulat ie van hormoonafgifte door de pars intermedia zich niet alleen 
afspeelt op hypothalamisch niveau. Ook de pars intermedia zelf vormt een 
centrum voor neuroendocnene in tegra t ie . Dit is opvallend gezien het fe i t dat 
de funct ie van de pars intermedia v r i j eenvoudig l i j k t te zi jn n l . p roduk t ie 
en afg i f te van MSH m dieren op zwarte ondergrond en opslag van het pept ide 
m dieren op wi t te onde rg rond . Voor een evaluatie van de mogelijke betekenis 
van de complexe regulat ie wil ik aandacht vest igen op twee aspecten. Ten 
eerste is het mogelijk dat voor regulat ie van de dermale melanoforen niet 
alleen informatie omtrent de ondergrond van fysiologisch belang is , maar dat 
ook factoren zoals s t ress, temperatuur of temporele informatie een rol spelen 
Van het fysiologisch funct ioneren van dermale melanoforen is met u izondermg 
van het verschi jnsel van achtergrondadaptat ie nog weinig bekend Ten tweeJe 
is het mogelijk dat de regulerende factoren met alleen de mate van a fg i f te 
bepalen, maar dat ZIJ ook bepalen welke van POMC afgeleide pept iden m het 
secretiesignaal zi jn ver tegenwoord igd. Verander ingen m de onder l inge 
verhouding van afgegeven peptiden kunnen gerelateerd zi jn aan de reeds 
bekende funct ie van de pars intermedia (b v . verander ing van het 
melanotrope s ignaal ) , of aan andere nog onbekende endocriene funct ies van 
deze k l ier . 
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